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Prefer Agathon Alloy Steels 


Fo GEMEN like to forge Agathon Alloy Steels 
becauseof their soundness, freedom from blow- 
holes, pipes, segregations and surface defects. 
Machinists like to machine Agathon Alloy Steels 
because of their marked uniformity which elimi- 
nates ‘‘chattering’’ tools and results in better, 
more accurate work at greater speed. 

The soundness and uniformity of Agathon Steels 
is not born of mere chance. Heats are developed 
under close control in the furnace; cast under the 
most perfect conditions, and supervised through- 
out by the most highly trained personnel. This 
practice applies to our entire production and ex- 
tends from the selection of raw materials to the 
loading of the car. 

Our metallurgists stand ready to help you solve 
your steel problems without charge. Write us. Ask 
for our booklet—‘‘Agathon Alloy Steels.” 


Why Forgemen and Machinists 


We have daily pro- 
duction in all kinds 
of commercial alloy 
steels such as— 


Nickel, Chrome- 


y 
Nickel-Molybde- 
num, eee as 
Chrome - 


seine 
Deliveries in Blooms, 


Billets, Slabs, Bars, 
Sezing Flats, Hot 
Strips, etc. 


THE CENTRAL STEEL COMPANY, Massillon, Ohio 
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PROGRESS OF INDUSTRIAL STANDARDIZATION 
DURING 1923? 


URING the past year, industrial standardization has con- 

tinued to develop as one of the most active and important 
phases of American industry. Progress has been made in 
the standardization of raw materials, manufacturing processes 
and finished products. This is equally true whether looked 
at from the point of view of the factory, of the industrial or 
technical association, or of a national movement. 

A striking development is the increased systematic use of 
specifications in public purchases, notably in the federal and 
in several of the state governments. The National Association 
of Purchasing Agents and the National Council of Govern- 
mental Purchasing Agents are devoting much time and atten- 
tion to the subject. At the direction of Mr. Hoover, the de- 
partment of commerce is preparing to publish a “Dictionary of 
Specifications for Public Purchases,” which will make easily 
available information as to what specifications are in existence, 
to what classes of use they apply, and how they may be ob- 
tained. 

The Federal Specifications board has completed the second 
year of its activity. In this, the American Engineering 
Standards committee has co-operated by obtaining criticisms 
from the various interested industries of proposed specifica- 
tions of the federal government before the specifications are 
finally adopted by the board. To date, the board has adopted 
approximately ninety specifications, and the committee has 


_ 1. By A. W. Whitney, chairman American Engineering Standards Com- 
mittee, 
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secured criticism of industry on about the same number. From 
these systematic efforts to bring governmental purchases in 
line with the best commercial practice, important economies 
both to industry and government are resulting. 


The Division of Simplified Practice of the Department 
of Commerce continues to exert a most stimulating influence 
on the standardization movement, particularly in emphasizing 
the efficiency results of standardization to the business man. 


Through the organization of the American Marine Stan- 
dards committee, work has been initiated in ‘this important in- 
dustry. Very little in this field has heretofore been done in 
this country, although very considerable activity has been go- 
ing on for some time in Germany and Great Britain. 


The most striking aspect of the movement for industrial 
standardization is the development of standardization on a 
national scale. More than 150 undertakings now have official 
status before the American [I¢ngineering Standards committee, 
the national clearing house for standardization. Fifty standards 
have received final approval by the committee, twenty-two of 
which were approved during 1923. ‘The importance of the 
broadly democratic methods followed in this clearing house 
work is receiving increasingly widespread recognition. In it 
all parties concerned with any standard, producers, consumers, 
and representatives of the public and government, participate 
(1) in deciding whether the work should be undertaken at all, 
(2) in formulating the standard, and (3) in its ultimate ap- 
proval. ‘Thus the industries are developing and using such 
standards as best fit their needs, without danger of such tech- 
nical industrial matters becoming subject to legal enforce- 
ment or to governmental pressure. Is it not probable that 
many other of our important industrial problems will find 
their solutions by closely analogous methods? 


In July, the second conference of the national industrial 
standardizing bodies was held in Switzerland, where thirteen 
of the more important industrial nations of Europe and Amer- 


ica were represented. Important progress was made in de- 
veloping co-operation between the various national bodies. 
particularly in regard to the early release to each other of 
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information on work in progress. Information on the status 


of all projects in hand is now regularly interchanged between 


the various bodies. Provision was made for continuing the 


work of the conference on the many problems of eommon 


interest through a continuing loose-knit organization 


There are now national industrial standardizing organiza 


tions in sixteen countries: Australia. Austria, Belgium, Can 


ada, Czecho-Slovakia, France. Germany, Great Britain, Hol 


land, Hungary, Italy, Japan, Norway. Sweden, 


Switzerland, 
and the United States. Of these. the 


work in Great Britain. 


Germany and the United States Is the most extensive, as 


would be expected.from the seale of the industrial development 


In these countries. 

The extensive standardization work going on in Germany 
continues to present many interesting phases. Some 
were outhned in a recent bulletin of the 


ing Standards committee. 


ot these 
\merican Engineer 
Practically every important manu 


facturing concern in that country 1s actively engaged in the 


work, and more than a thousand compafiies have formal 


standardization organizations within. thei own works \p 


proximately seven hundred national German standards have 


been approved by the central national standardizing body. 


hese are only standards in which several industries are con 


cerned. Standardization engineering is now a recognized pro 


fession§ in Germany. Some of the consulting engineering 


firms specialize on standardization work. Through their work 


on trade catalogs, these consulting engineers, among other 


things, are introducing standardization into sale policies and 


sales organizations. 
Of interest not only in its relation to International stan 


dardization, but also on account of its bearing on the use of 


Specifications in foreign trade, is the resolution passed by the 


last conference of the pan-American union, where it was 


decided “That a conference on standardization of specifications 
of materials, tools. machinery and supplies to be held.... 


with a view to reaching agreements which may be embodied 


in inter-American conventions on this subject.” This projected 


movement will be watched with great ‘interest ly 


American 
industries. 
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Standardization continues to play a more and more im- 
portant role in the activities of trade associations. The sub- 
ject is treated at length in the book on “Trade Association 
Activities” issuéd by the Department of Commerce during 
the year. It is of more than passing interest that the Supreme 
Court in a recent decision in regard to trade association ac- 
tivities, explicitly recognized standardization as being in the 
public interest. 


PROGRAM WINTER SECTIONAL MEETING 


He winter sectional meeting of the American Society for 

Steel Treating will be held in Rochester, New York, on 
Thursday and Friday, January 31 and February 1, with head- 
quarters at the Hotel Seneca. The tentative program for the 
meeting is as follows: 


11:00 a.m. Registration and technical papers, at Seneca hotel. 

12:30 p.m. Luncheon at Seneca hotel. 

2:00 p.m. to 5:00 p.m. Four technical papers. 

6:30 p.m. Joint banquet of Rochester chapter of A. S. S. T. 
and the Chamber of Commerce at the Chamber of 
Commerce building. 


The order in which papers will be presented has not yet 
been arranged. However, the following four papers have been 
definitely scheduled: 


Prof. H. M. Boylston, head of Department of Metallurgy, 
Case School of Applied Science: “CoNTROL OF PRODUCTION BY 
SCIENTIFIC METHODs.” 


A. H. d’Arcambal, chief metallurgist, Pratt & Whitney, 
Hartford, Conn: “CARBON Toot ANpb HicH Spreep STEELS 
UsepD IN THE MANUFACTURE OF SMALL TOOLS.” 


J. V. Emmons, chief metallurgist, Cleveland Twist Drill 
Company: (Subject to be announced later.) 
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EDITORIALS 


Dr. Ancel St. John, of the research laboratory, Union Car- 
bide & Carbon Co., Long Island City: “Presenr DeEvELop- 
MENTS IN THE X-RAy FOR CRYSTAL ANALYSIS.” 


Two other papers have been promised, but definite indica 
tion of the subjects has not vel been received. 

The meeting in the evening ts to be preceded by a_ joint 
banquet of the Rochester chapter of the A. S. S. TT. and the 
euests, with the Rochester Chamber of Commerce at the 
Chamber of Commerce building. It is expected that from 300 
to 500 will be present at the dinner. Mr. J. J. Desmond, 
chairman of the Rochester chapter of the A. S. S. ‘T. will be 
master of ceremonies, and Doctor Rush Khees, president of 
the University of Rochester, will act as  toastmaster. The 
principal address of the evening will be by Doctor George K. 
Burgess, president of the \. S. S. T. and director of the 
Bureau of Standards, on “The Relation of the Government 
to Industry.” 

Indications at present are for a very large attendance, and 
the meeting 1s going to be of very high caliber. All who can 
possibly arrange to come, should do so. 

Please make your hotel reservations early with the hotel 


management, the rates for which are as follows: 


Rooms equipped with Single Double 
Hot and cold running water ........ i von Bee $3.50 
ae en a reg eee eae sala el 2.50 4.00 
i al emis err 4.50 
SE ee a aan Paar ate Fa he me 3.50 5.00 
Re I aPe YT Gate Fa aR 6h eee eeeee darks Nitin? “ee 5.00 
Se Oe Ge ee edie Védba swe iav'- ae 5.00 
Be I es Sat oe eid Celina wba a ela e's bi Shire oe ba 6.00 
Oe ee ee whey 5.00 
I NS id gong sine s ape he eis ve ele resis 7.00 
Two double beds and tub bath (4 persons) ...... 10.00 


Parlors, $3.50 and up, per day 


In making reservations it is important that the hour of 
arrival be given, as reservations are not held after 10 p. m., 
except on special request. 

Kindly make second choice, in the event your first choice 
of rate is not available. 


Jos enetee: oe 
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LIQUID HEATING BATHS 


UCH interest on the part of many metallurgists and heat 

treaters, has been given to the study of liquid bath heating 
mediums. The lead bath has been in vogue for many years and 
has proven itself worthy of the extensive use to which it has 
been given. However, the lead bath has its limitations just as 
do most other tools with which we work. Experience has taught 
us that it usually requires a special tool to do a special type 
of work and although it is possible to cross-cut a piece of 
lumber with a rip saw it is not possible to obtain the workman- 
like type of work that should result through the use of a 
cross-cut saw. So with the salt baths, they are tools with which 
to accomplish a desired kind of work. They have their par- 
ticular use just as the cross-cut saw and the drop-forge die. 
When used in places outside of their scope the results may 
not be satisfactory. 


Mr. Tour in his paper pertaining to salt baths and con- 
tainers has given much time and study to this problem. He 
has, through laboratory and actual shop practice, made many 
tests and observations upon which he has based his deductions 
respecting the chloride salt baths for heating steel at 1600°F. 


The difficulties that were encountered in using chloride 
salt baths are clearly outlined and the deleterious effect that 
contaminated or impure salt baths have upon the steel being 
treated as well as upon the container in which the salt is 
heated, is covered in much detail by the author. Of course, the 
possible decarburization of the steel undergoing heat treatment 
is by far the most decided disadvantage in the use of the salt 
baths described by Mr. Tour. As brought out by the author 
and others, it is often the thought that when a piece of steel 
is brought out of the hardening room bright and free from 
scale or discoloration that the tool has been properly treated. 
This idea, of course, may be erroneous as shown in this paper. 
Salt baths, beyond all question of doubt, when of the proper 
composition are a very valuable tool for the hardener and 


their use is rapidly coming into adoption in many of our 
hardening rooms, 
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SALT BATHS AND CONTAINERS FOR HARDENING 
By Sam Tour 


Abstract 

The subject of salt baths for the heating of steel 
tools and parts ts discussed in considerable detail in_ this 
paper. A simple method of desulphurizing of a salt bath 
is given. 

The decarburising effects of chloride salt baths at 
1600 degrees Fahr., upon the materials being treated are 
discussed in detail. Photomicrographs of steels heated in 
various types of salt baths accompany this paper. 

General principles in regard to design of furnaces for 
salt baths are laid down. 

It is pointed out that high-chromium alloy containers 
deteriorate from the action of heated chloride salt baths. 
Cast steel and pressed stecl pots appear to be the best 
containers. 


INTRODUCTION 


oo ago,’ the writer contributed an article entitled 
Salt Baths for Heat Treating in which a number of dif- 
ferent combinations were discussed and the requirements of a satis 
factory hardening bath given. Since then, W. J. Merten? has 
discussed the use of Molten Salts in Heat Treating and has laid 
particular stress upon abarium chloride-sodium chloride bath de 
sulphurized with manganese or ferromanganese. From a_ study 
of these two papers, it would appear as though they were 
written from two different viewpoints. ‘The writer — stated 
that for treating complicated pieces of high-grade © steel, 
other than high-speed steel, a salt bath should be available 
that will melt at as low a temperature as_ possible. Mr. 
Merten states that the fusion point of the salt bath should 
be reasonably high so as to make use of the added ad 
vantage presented in the poor heat conductivity of the 
solid crystal which retards the heat transfer and_ therefore 
reduces the rate of heating of the steel. Mr. Merten deals, 
however, with case hardened cam shafts of no great in 


| Transactions, American Society for Steel Treating, November, 192 


Forging and Heat Treating, March, 1923 


_ A paper presented at the fifth annual convention of the Society, 
Pittsburgh, October 8-12, 1923. The author, Sam Tour, is metallurgist 
Doehler Die Casting Co., Brooklyn, N. Y. 
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trinsic value and, aside from surface hardness, presenting no 
real problems for the heat treater to solve. ‘The writer re 
ferred to the use of a salt bath for treating complicated 
dies and tools of considerable value and made from either 
plain high carbon or alloy steel of high grade. Such tools 
and die blocks are usually of intricate shape with heavy and 
light sections adjoining one another and often bearing im- 
pressions with very sharp corners. Due to the great lability 
of cracking of such pieces, especially if heated too rapidly, 
one would not practice the putting of cold pieces into a 
fused bath already up to heat. 


It is fortunate that no appreciable scaling takes place be 
low 1100 degrees Fahr. and that, therefore, such pieces can be 
preheated slowly up to that temperature in an open furnace 
and transferred when hot to a molten salt bath. A number 
of experimenters have found that the questions of growth 
and shrinkage upon heat treating are in some way or other 
associated with or influenced by the rate of heating. It ap 
pears as though this is especially true in regard to the rate 
of heating through the critical range. ‘This is one reason 
why it is usually not advisable to plunge a die-block, even 
preheated to 1100 degrees Fahr., into a molten salt bath at 
1500 or 1600 degrees Fahr. ‘Vo avoid any sudden temperature 
changes in the heating of the steel, for hardening, it would 
be advisable to preheat in an open furnace at the desired 
rate from cold to 1000 or 1100 degrees Fahr., transfer 
to a molten salt bath at this temperature and then raise salt 
bath temperature at the desired rate to the quenching tem- 
perature. This, of course, means slower operation and inter- 
mittent operation, but nevertheless, gives the desired re- 
sults. 


If this intermittent method is not used, if rate of heating 
through the critical range does not require control, and if, 
therefore, the bath is run continuously at the quenching tem- 
perature, then the fusion point of the salt bath is not one of 
very vital importance. Of course, the higher the fusion point, 
the greater will be the overheating of the pot upon. starting 


up the salt bath. It is during this heating and melting period 
that usually the greatest damage is done to the container. 
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SALT BATHS 


BARIUM CHLORIDE SODIUM CHLORID! 


Regarding the barium chloride-sodium chloride bath used 
by Merten, the writer stated that this mixture was unsatis 
factory due to its high melting point, its tendency to lump 
and form soft spots on quenching in oil, and to the ditheulty 
in cleaning the surface of the steel after quenching. Merten 
wanted a high melting point and quenched in water, so 
avoided these disadvantages. For his work, any number ol 


salt baths could have been used with equal success 


BARIUM CHLORIDE—CALCIUM CHLORID! SopruM CHLORIDI 


After trying many salt mixtures, as deseribed previously, 
and after operating salt baths for thousands of hours, the 
writer has had greatest success with a bath composed ol 
approximately 33 1/3 per cent each by weight of dry barium 
chloride, calcium chloride and = sodium chloride. Possibly, 
some investigator has determined the ternary diagram fot 
this system, but the writer has been unable to locate it as yet. 
lo determine it independently would be a laborious pro 
ceeding and one which would require great enthusiasm to 
undertake. Considerable experience has shown, however, that 
the mixture of approximately equal weights, functions very 
satisfactorily for temperatures up to 1650 degrees Fahr. 
his mixture does not freeze at one particular temperature, 
thus indicating that it is not of an eutectic composition. It 
, however, still molten at a temperature around 1100 de 
grees Fahr. and, therefore, can be used quite satisfactorily 
in an intermittent process where it is necessary to preheat 
the steel and then raise bath and steel to the desired quench- 
ing temperature which may be up to 1650 degrees Fahr. 
Above 1650 degrees Fahr., the bath fumes excessively. This 
mixture made up from salts free of sulphate, has no pitting 


is 


action and has very good cleaning-off properties after quench 
ing in oil. If the salts are not free of sulphate, the bath 
must be desulphurized. 


DESULPHURIZATION 


Merten attempted to desulphurize with low sulphur hot 
rolled open-hearth steel. He seemed to conelude that iron 
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sulphate formed and then broke down to sulphur dioxide 
and magnetic oxide of iron. Using manganese or ferro- 
manganese, he apparently believes that he forms a_ sul- 
phide instead of a sulphate and that this sulphide is stable 
and can be removed as a slag, thereby desulphurizing the 
bath. Merten also ascribes decarburization properties to 
magnetic oxide of iron and therefore attributes decarburiza- 
tion to what he believes is the source of the magnetic oxide, 
namely sulphates, and he inseparably associates pitting with 
decarburization. The writer’s experience has not been in 
agreement with the above. 


Desulphurization is readily, thoroughly, and satisfactorily 
accomplished by means of clean cast iron chips. The sul- 
phur content of the cast iron is of no appreciable importance. 
As stated previously, by the writer, various salt mixtures 
when first made up, have a tendency to pit and not to 
clean off well, and after reheating several times, seem to 
lose this pitting property and to gain cleaning-off properties. 
The cause and cure for this can best be explained by a de- 
scription of actual experience. 


A quantity of salt mixture was made up from new ship- 
ments of salts received. The resultant mixture had a very 
decided pitting action which did not cease even after five 
consecutive days of heating. A quick analysis of the mix- 
ture showed that the proper proportions of salt were used 
in making it up. A peculiar incrustation was noticed upon 
the cast-iron pyrometer protection sleeve which had _ been 
hanging in this salt mixture during the runs. An analysis 
of this incrustation showed it to carry a considerable quan- 
tity of sulphide as evidenced by the liberation of hydrogen 
sulphide and free sulphur on treatment with acid. This 
called attention to the question of sulphate contents of the 
shipments of salt. Analysis showed the shipment of sodium 
chloride to be free of magnesium but to carry 0.8 per cent 
of sulphate. To prove whether or not sulphate was the cause 
of pitting, poor cleaning qualities and this incrustation, a 
small amount of mixture was made up using chemically pure 
sodium chloride. This mixture had absolutely no_ pitting 
action on very first melting and cleaned off well. Chemically 
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pure salts are expensive and it was found that sodium chloride 
free from sulphate was not available in any other form ard 
that the best obtainable commercially would contain up to 
0.2 per cent sodium sulphate. A small amount of mixture 
was made up using the latter grade of sodium chloride and 
it was found that the mixture needed to be heated a second 
day before good cleaning off properties were developed. ‘Vo 
economically use this grade of material or even a poorer 
grade of material, it was therefore necessary to devise some 
desulphurization process. 


Since there is a limited amount of sulphate present in 
the salt and since this sulphate must have been the source 
of the sulphur in the incrustation around the cast-iron pyro 
meter sleeve, it was assumed that if sufficient iron were 
added to carry this reaction to the point where all the 
sulphate were used up, the pitting action must necessarily 
cease. On this assumption, about 15 pounds of carefully 
dried cast-iron chips were added to 200 pounds of salt mix- 
ture which had this excessive pitting property. The pitting 
ceased at once and the mixture had very good cleaning-off 
properties. Further tests showed that cast-iron chips will 
effectively “cure” a salt mixture containing as high as 1.0 
per cent of sodium sulphate. No tests were carried out on 
higher percentages than this. 


The cast-iron chips added to desulphurize the bath settle 
to the bottom of the pot in the form of a sludge. This 
sludge is harmful from the standpoint of heat efficiency and 
effective depth of pot, but does not have the objectionable 
pitting properties ascribed to it by Merten. With a properly 
designed salt pot furnace, a sludge, even of a _ refractory 
nature, does not introduce great trouble in regard to heat 
efficiency. A salt pot furnace should be so constructed as 
to heat the pot from the sides and not from the bottom 
It should preferably heat the top of the pot first so that on 
melting down the solid salt, the top will melt first and 
relieve the stresses set up by the expansion of the solid mass 
beneath. Direct impingement of flame on pot should also be 
avoided. With burners set tangentially near the top or 
flange of the pot and the furnace vented at the bottom, 
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cast iron chips or any other sludge in the bottom of the pot 
need not cause great concern. 

The barium-calcium-sodium chloride salt bath described 
above, functions equally well in cast iron, pressed steel, 
or alloy steel pots. If, however, a piece of steel is hung in 
this salt bath or any other chloride bath, so as to have 
part of it in and part of it out of the molten mixture, a 
corrosive or pitting action results‘at the surface of the 
bath. This action appears to be due to a reaction between 
the chlorides, the steel and the oxygen and moisture of the 
atmosphere. No way has been found to eliminate this trou- 
ble, although no particular effort has been made in_ that 
direction. 

This ternary mixture is not without its disadvantages. 
It contains calcium chloride and, therefore, gives the same 
trouble ascribed in the previous article to calcium chloride 
in other mixtures. In this regard, however, it is not as ob- 
jectionable: as the calcium - chloride—sodium chloride mix- 
ture. In fact, the main value of this ternary mixture over a 
binary mixture of 72 per cent calcium chloride, 28 per cent 
sodium chloride, is in the decreased amount of fuming at 
high temperatures. Steel after quenching from any _ bath 
containing calcium chloride and before tempering, must be 
carefully washed to remove traces of salt. Furnaces must 
be provided with good hoods and exhaust pipes leading out- 
side of the building in order to keep to a minimum the 
quantity of calcium chloride fumes escaping into the room. 


DECARBURIZATION 


In dealing with, considering and comparing different 
salt bath mixtures and in studying the relative values of 
various methods of hardening, we are usually apt to pass 
judgment upon visual appearance of the work. Too often, 
we consider work well done and the method satisfactory if 
the original surface comes through unpitted and _ unscaled. 
With a salt bath in proper operation, a polished die-block 
or tool can be treated without a single blemish or discolora- 


tion of the surface resulting. Does this mean the work is 


satisfactory? In hardening tools, dies, etc., what we are in- 
terested in is carburization and decarburization. Scaling 
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is an important factor ordinarily only when fine engraving 


and accurate dimensions are involved. Many associate de 
carburization with scaling and the first thought is “no scale, 
no decarburization.” Many hardeners almost subconsciously 
think “a clean piece is a good piece.” Salt baths leave clean 
bright surfaces on pieces treated in them, but many salt 
baths have a decarburizing action and the work has a soft 


skin. The ordinary test for this is the file, but it is by 
no means the most illuminating test. In looking for de 


carburization, the microscope is a great aid. 
Pitting and decarburizing hold no relation to 
other in a chloride salt bath. Fig. 1 


one an- 
is a photomicrograph 
at 75 diameters of 0.50 per cent carbon, chrome-vanadium 


steel heated for four hours at 1000 degrees [ahr., in a newly 


made up salt bath with pitting properties. Fig. 2 is a 
similar photomicrograph of a piece of the same steel heated 
the same length of time in the same salt bath after it had 
been “treated” with cast iron chips and had ceased to pit. 
lig. 3 is a similar photomicrograph of a_ piece of steel 
heated the same length of time in the same salt bath after 


it had been in use for some 50 hours. Fig. 4 is a_photo- 


micrograph of a similar piece of steel heated in a_ salt 
bath which had been in operation for some 500 hours. All 


of the pieces were cooled in lime. Special studies were 
made to be sure that no decarburization was caused by the 
method of cooling or method of annealing — used. 
from an inspection of — these 

clearly sees that as the bath 


decarburizing action increases. 


photomicrographs, one 

becomes older its 
This may be aseribed 
to a solution of oxygen and carbon dioxide from the at- 
mosphere or to the formation of oxides or carbonates by the 
decomposition of the chlorides at the surface of the bath in 
contact with the atmosphere. ‘The possibilities were con- 
sidered of counteracting this decarburizing effect 
addition of a small amount of sodium cyanide. 


1 


by tae 
It was found 
that even a fraction of one per cent of cyanide yielded work 
with a “case.” After a few days operation, the cyanide 
seemed to be completely decomposed and decarburizing ac- 
tion again occurred. 


This decarburizing action is often not as important as 
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Fig. 1—Chrome Vanadium Steel heated for 4 hours at 1600 degrees Fahr. in new 
untreated salt bath, cooled in lime. x 75. Fig. 2—Chrome Vanadium Steel heated for 
4 hours at 1600 degrees Fahr. in new but treated salt bath, cooled in lime. x 75. Fig. 3 
—Chrome Vanadium Steel heated for 4 hours at 1600 degrees Fahr. in salt bath 50 
hours old, cooled in lime. x 75.- Fig. 4—Chrome Vanadium Steel heated for 4 hours at 
1600 degrees Fahr. in salt bath 500 hours old, cooled in lime. x 75. 


one might gather from the above. The work shown in the 
photomicrographs was held at temperature for 4 hours. 
Only on very heavy blocks would any such soaking time be 
encountered. Fig. 5 is a photomicrograph of a piece held 
only 1 hour which is in itself much longer than is necessary 
to “soak” the ordinary piece. 


Decarburization often occurs when we least expect it 
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anyway. It is quite common practice to pack work in char 
coal and cast iron chips for annealing. The work comes out 
clean and bright and we usually “ask no questions.” Fig 
6 is a photomicrograph at 75 diameters, of a similar piece 
of steel to those shown in previous photomicrographs, but 
packed as stated and held at 1600 degrees Fahr. for 4 hours 
and allowed to cool very slowly in the furnace. Fig. 7 is 
a duplicate piece, but cooled in lime instead of in the furnace. 


CONTAINERS 


One of the largest sources of trouble and expense in the 
operation of a salt bath is the question of pots or containers. 
A few references have been made above to the question 
of furnace design. Too often furnaces are considered only 
from the standpoints of first cost and fuel consumption. In 
salt ‘bath work, the furnace must also be considered from 
the standpoint of the container. 

That direct impingemet of flame is to be avoided is ob- 
vious. That combustion chamber atmospheres must be con- 
trolled is not always so obvious. Many makers of chromium 
alloy heat resisting pots claim that their alloys thrive in 
oxidizing atmospheres and as long as plenty of air is used, 
one need not worry about the effect on the container. The 
writer's experience, however, has not been favorable to these 
alloy containers as will be described below. In using cast 
iron, cast steel, or pressed steel pots, furnace atmospheres 
are important. Oxidizing conditions should be avoided. Fur- 
naces should be equipped with burners which allow of easily 
adjusting the proportions of air to _ fuel. This proper 
proportioning is necessary during all stages of the operation 
of the furnace and for this reason burners arranged for one 
valve control are often advantageous. Although many burn- 
er equipments are capable of being adjusted to give the de- 
sired atmospheric conditions, these capabilities are too often 
neglected in the heat treating room. One is always too prone 
to carefully adjust the air and fuel valves on lighting up 
the furnace and thus consider he is controlling -his atmos- 
phere, but as the furnace comes up to heat, the tendency is to 
decrease the fuel supply and not the air. From this point 
on, the furnace atmosphere is oxidizing. 
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Fig 5—Chrome Vanadium Steel heated 1 hour at 1600 degrees Fahr. in salt bath, 
cooled in lime. x 75. Fig. 6—Chrome Vanadium Steel heated for 4 hours at 1600 
degrees Fahr. in box packed with charcoal, cooled in furnace. x 75. Fig. 7—Chrome 


Vanadium Steel heated for 4 hours at 1600 degrees Fahr. in box packed with charcoal, 
cooled in lime. x 75. 


Another item in furnace design to be considered in 
connection with containers is location of burners, vents, and 
zones of maximum heat input. Many pot furnaces are built 
so as to vent at the top around the flange of the pot. This 
type of furnace is not desirable for salt baths because in- 
variably, salt gets into the combustion chamber and at the 
high temperatures prevailing there, has a detrimental action 
on the furnace lining and the container. If the furnace is 
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not allowed to vent around the flange of the pot, then side 


or bottom venting must be resorted to. Vents and burn- 


ers should be so arranged as to place the zone of maximum 
heat around the upper level of the salt in the container. This 
is desirable both from the standpoint of melting the salt in 
the “heating up” period and of maintaining the temperature 
during the day. As most of the heat loss during operation 


is by radiation from the top of the bath, this should be 


Containers are often 
caused to bulge and to crack by the internal pressure re- 
sulting from expansion of the solid salt. 


By having the salt 
hottest at the top, it melts there and thus relieves the pres- 


In operating a salt furnace which is hotter at 
the bottom than at the top, the salt 


the zone of maximum heat input. 


sure below. 


becomes molten at 
the bottom while a solid crust still remains on top and the 
pressure increases until either the pot expands, the crust 
breaks, or the pot breaks. ‘The writer 


has seen the crust 
break in this manner and molten salt 


shoot several feet in 
the air like a miniature volcano or geyser. 
Having proper furnace conditions, the container must 
be selected with a view toward its life and the heat efficiency 
of the installation. The thinner the walls of the container 
the higher will be the heat efficiency, the shorter will be the 
time for melting and getting up to heat, and the easier it will 
be to control the bath temperature. The life of a container 
is dependent upon its resistance to the action of the bath, to 
the strains set up on heating and cooling, and to the amount 
of external oxidation and chemical attack. The external 
features are primarily furnace design and operation questions 
as described above. The so common practice of cooling a 
bath when the temperature gets too high, by shutting off the 
fuel and leaving the air on, should be carefully guarded 
against. Strains during heating and cooling arise from three 
sources. First, those due to expansion and contraction of the 
container itself. Second, those 
solid salt within, during heating. Third, those due to fluid 
pressure of the molten salt. To these might be added, in the 
case of cast iron pots, the matter of 
Strains due to expansion and 


due to expansion of the 


permanent growth. 
contraction of the meta) 
of the container, eventually causing cracks, can best be re- 
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duced by the practice of slow heating and cooling and by the 
use of thin-walled containers. Strains due to expansion of 
the solid salt within are minimized, as described above, by 
furnace designs having hot zones at the top. Strains due to 
fluid pressure of the molten salt cannot be eliminated, but 
can be counteracted by using containers which retain consid- 
erable strength at the temperature of operation. _ The exces- 
sively heavy sections required in cast iron pots, their weak- 
ness at high temperatures, their low resistance to strains 
during heating and cooling, and their property of growing 
as a result of heating, make them undesirable containers for 
molten salt baths. 


The requirements of a container can therefore be sum- 
marized somewhat as follows: 


(1) It should be as thin-walled as possible. 
(2) It should be as strong as possible at the op- 
erating temperature. 


(3) It should be as resistant to oxidation as pos- 
sible. 


(4) It should not be of cast iron. 
(5) It should not be acted upon by the sale mixture. 


Considering the above, we are left to choose between 
pressed steel, cast steel, and alloy pots. A majority of the 
alloy pots on the market are cast of chromium heat resisting 
alloys. The writer has found that these alloys are attacked 
by molten chloride baths. The attack is apparently of two- 
fold nature; first, a decarburization, and second, an _ inter- 
crystalline or intergranular penetration and deterioration. 
Several pots which had failed by developing leaks after 
approximately 500 hours service apiece were broken and 
investigated. The fractures of the walls, about % inch 
thick, showed a discoloration fully half way through all 
over and all the way through at thé places where leakage 
had developed. A manufacturer of this type of alloy attri- 
buted this discoloration to the compound sodium chromate 
and after a microscopic study, they reported that there had 
been an intercrystalline deposition of some sort. 


These same 
conditions were found on both fine and coarse grained cast- 
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ings. No intercrystalline deterioration of this kind has been 
found with pressed steel or cast steel pots, although some 
decarburization does result. Where pots of cylindrical shape 
can be used, experience seems to favor the pressed steel pot 
with flange. 


SUM MARY 
For fine heat treating work on delicate and expensive 
pieces, an intermittent or “batch treatment” is necessary. 
A good salt bath for a temperature range from 1150 to 1650 


degrees Fahr., consists of equal parts of barium chloride, 


calcium chloride and sodium chloride. Desulphurization is 
accomplished by use of cast iron chips. Pitting and decar- 
burization do not go hand in hand. Many baths develop 
decarburizing properties with use. Decarburization, how 
ever, is usually quite small. Furnaces should be_ properly 


designed and operated to obtain maximum service from con 
tainers. High chromium alloy pots deteriorate from action 
of a chloride bath. Cast steel and pressed steel pots seem 
to be the best containers. 


Discussion of Mr. Tour’s Paper 


CHAIRMAN d’ARCAMBAL: A paper of this nature is of consider- 
able value because the results obtained by Mr. Tour have been gained 
through actual work in the hardening room. This paper contains practical 
information as differentiated from laboratory experimental work. 

W.J. MERTEN: We are all indebted to Mr. Tour for the thorough 
way in which he has attacked this problem. My own experience in salt 
bath heating has been somewhat different. We had a specific problem 
to contend with, which has been described in the paper referred to by Mr. 
Tour. There are some phases of this work I would like to bring out at 
this time, that are not entirely in accordance with Mr. Tour’s opinion 
of the actual tests as conducted. Unfortunately I have not had time to 
make any preparation in response to Mr. Tour’s paper, a copy of which 
was presented to me yesterday, but had I had the opportunity I would 
have gone into it much more thoroughly than I am able to at this time. 
I think the contribution is one of the best that has ever been presented 
to us on the subject of salt bath heating. The literature on this subject 
is meager and incomplete at the best. 

The particular salt bath used in my work, to which Mr. Tour is re- 
ferring, developed a heavy sluggish mass in the bottom of the container 
which, upon analysis, proved to be very magnetic, confirming the suspicion 
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that it was a magnetic oxide of iron. At the present time I do not recall 
the chemical equations which [| worked out and published in the paper 
mentioned, however, I still believe that they are correct. 

The heats developed in the bottom of the container were of a some- 
what higher temperature than those Mr. Tour has evidently considered in 
his case. 1 do not think | would have expected any sulphates present 
at the heats which we encountered in my work. The temperature of the 
bath was probably 1400 degrees Fahr. in the top layers and we were un- 
able to get any heat through it at all, even though the refractory mass 
on the bottom showed a white heat, which would, I am sure, decompose 
a sulphide. However, we are at this time running tests on salt baths 
for high-speed steels, which will be conducted along the suggestions and 
points we have obtained from Mr. Tour’s paper. Probably we will be 
prepared to conduct the tests somewhat more intelligently than we pre- 
viously had time for. We were engaged on production work which as 
you may well know is not quite the same thing as preparing an individual 
die. Mr. Tour has all the facilities and all the time that he may desire 
to make such tests, while in our division, the production department 
expects results in 24 to 36 hours. For that reason there might be some 
slight discrepancy and some slight fault with some of the deductions that 
have been made there. I, however, still maintaim that they are correct. 

The method of heating of a pot of the type used, was probably ob- 
jectionable. While we did have a whirling flame for heating the pot, 
from the bottom, apparently there was not the proper heat distribution 
which should have been attained for proper heating, and I thoroughly 
agree that Mr. Tour has hit upon the solution, by heating his containers 
in a more even and homogeneous way in order to get proper results. We 
employed, I believe, a barium chloride-sodium chloride bath, and I have 
a suspicion that we tried the same method to recarburize our bath by 
adding a small amount of cyanide, which worked out for a certain length 
of time and then showed the same decarburization effect on the steel. 
This I attributed more to the reaction of a nitride forming a nitrate with 
the oxides present, and consequently a decarburization. However, I can- 
not conceive of a decarburization by the action of chlorine gas. I do 
not quite see how in a chloride bath, unless with the formation of some 
oxide compound, you can decarburize the surface of any steel. You can 
by a combination of reactions form oxychloride compounds conducive of 
that particular decarburizing effect. Carbon oxides are then formed, such 
as the monoxide CO or the dioxide, CO,. I do not know which particular 
gas may be formed. I am inclined to say that this subject needs some 
thorough investigative work before | entirely accept Mr. Tour’s analysis 
of the particular condition. However, Mr. Tour’s contribution certainly 
ought to be a stimulus for further research along those lines. 


SAM TOUR: I thave not gone into a long line of chemical reac- 
tions, trying to explain the how and why of all this decarburization. | 
was not particularly worried about the mechanism of decarburization, it 
was worry enough to know it was there. 
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Mr. Merten brought out that in his operations he had a sludge at 


the bottom of the pot which was very refractory, and he probably heated 


that hot enough to decompose sulphates and sulphides. lL would dislike 


to condemn a salt bath as being a pitting bath or anything else if I had 
a portion of that salt bath heated to a white heat. 

[ would like to call your attention to the fact that in this paper I 
16000 degrees Fahr. <A salt bath 
might decarburize very extensively at 1000 


refer only to a salt bath operating at 


degrees Fahr. and might be 
perfectly good at 1425 to 1450 degrees leahr, 


1000 degrees Fahr., these chloride baths 


do at 1500 or 1450 degrees Fahr. 


tor plain carbon steel. At 
decarburize. 1 do not say they 
It is quite possible that the decarburiz 
ing action does not go on so rapidly at the lower temperatures. 


In regard to the reactions that take place, it is true it would be hard 


would cause decarburization. It is 
also true, however, that any molten chloride reacts with the 


+ 


to figure out how a chloride in itself 
moisture ot 
the atmosphere to liberate chlorine and form the oxide; the oxide then 
may react, may stay as oxide or may react with CO, in the atmosphere 
to form the carbonates, and the carbonates may do the decarburizing. 
That is a possible explanation. 


E. C. BAUM: Inasmuch as there has 


been no chemical analysis 
made, | would suggest making a chlorine 


analysis to find out whethet 


carbonyl chloride has formed. I had in mind we might have a combina 


tion of carbon with the chlorine liberated. 


SAM TOUR: | have had analyzed many samples of the salts. A 
breakdown occurs and also a variation in chloride content, but one can 
not ascribe it as due to a formation of carbonyl chloride, because salts 
re continuously being lost by volatilization. Not knowing the relative 
apor pressures of the various salts that are used in the baths, the amounts 
lost by vaporization are unknown and a change in the relative percentage 
of the chlorides in the bath cannot be attributed to any one cause. 

KE. C. BAUM: I was trying to figure out some reaction of carbon in 
ie steel forming carbonyl chloride. I was just offering this as a sug 
vestion, 

SAM TOUR: So far as I know, the only other things we have 
found in there besides the chlorides were the oxides. 

A. L. DAVIS: I would like to ask Mr. Tour whether the analysis 
of the salt bath indicated that the bath gradually accumulated iron in 
solution. Iron could easily be a carrier of carbon or oxygen. 

SAM TOUR: Since we decarburized with cast iron chips, there 
is no question but what there is plenty of iron there. An analysis for 
iron would not determine whether the iron is due to iron in solution 
in the salt or whether it is due to suspended particles of cast iron. 

A. L, DAVIS: Prior to adding cast iron chips, does the salt bath 
gradually accumulate a certain amount of iron? 


SAM TOUR: I do not know, I have not attempted to find out. 
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L. A. LANNING: I assume from Mr. Tour’s talk that he has 
found no method of overcoming decarburization of the chloride bath. 
Is that correct? 

SAM TOUR: That is correct for temperatures of 1600 degrees 
Fahr. 

C. S. GORDON: In some experimental work we were doing, we 
were quenching some high-speed steel in a saltpetre bath which was at a 
temperature of about 1000 degrees Fahr., in quenching the _ high- 
speed steel a chemical action took place and the high-speed steel dis- 
appeared. I would like to have somebody tell us what happened. 

SAM TOUR: I do not know what the explanation is. I have 
known of treating high-speed steel in nitrate baths, that is, for the tem- 
pering operation, at 1100, and tool bits that were being treated came 
out badly eroded. I don’t know what the reaction was, but it was 
really there. 

T. H. NELSON: I think today the steel treater, when he hears the 
name of Sam Tour connected with salt baths, sits up and takes notice. 
Personally, I think that Sam Tour has today, perhaps more than in any 
other of his articles, emphasized a feature that we should all carry home, 
and that is that he has practically stated that he does not consider the 
solution of the difficulties outlined possible by the use of any particular 
kind of pot, or the use of any particular brand or mixture of salt; be- 
cause no brand or mixture of salt can for any length of time remain con- 
stant in service. I know from the depth of thought given to the paper 
that it has been absolutely convincing to all of us that Mr. Tour has made 
a very deep study of it. 

1 would like Mr. Tour to say whether he feels that with the type of 
bath in which he has carried out his experiments it is possible by con- 
tinued additions, or continued modifications while it is in operation, to 
maintain a bath which will not seriously pit any more than it will seri- 
ously decarburize, and if so, is he prepared at this time to give us a little 
more detailed information. In other words, what would the author’s final 
recommendations be to the men in the hardening shop with regard to 
the ideal composition of a salt bath hardening furnace (for temperatures 
not exceeding 1600 degrees Fahr.) and the recommended periodic re- 
generation or adjustments by addition to keep a bath in the best possible 
condition for use. I should certainly not like to sit down without con- 
gratulating the author on a paper which I realize must have been some- 
what difficult to present, inasmuch as the society embraces quite a num- 
ber of special alloy manufacturers as well as advocates of a variety of 
hardening salts. The manner in which the paper has been presented is 
such as to reflect credit upon the author, for without giving offense to 
anyone, he has given the benefit of his time and thought, together with a 
whole lot of practical experience, to the society in general, which is a 
very fine spirit indeed. 

SAM TOUR: It is pretty hard, in this kind of work, to make any 
far-sweeping statements against salt baths, especially when there are people 
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who make a living selling these salt baths, and especially when those people 
happen to be your friends. 

I have attempted to stay away from any reference to salt baths 
present on the market, by any name. 


at 
I would not say that it is impossible 
to get a salt bath that would not decarburize steel. So far as I know it 
is impossible to get one that will not decarburize at 1600 degrees Fahr 
I believe it is possible to get one that will not decarburize steel at 1450 
degrees Fahr., which is the ordinary, plain carbon steel treating tempera- 
ture. At 1600 degrees Fahr., I have yet to find any bath, carbonate, 
chloride, fluoride, sulphate or anything else that will not decarburize steel. 

M. H. MEDWEDEFF: I would like to ask Mr. Tour what the 
possible objection would be to the addition of cyanide at such times as 
it becomes used up. The effect of carburizing would be so slight upon a 
die it would not have any possible effect upon the quality of the ultimate 
die. 

SAM TOUR: Why not treat all your dies, then, in the common, 
ordinary cyanide pot? Why worry about the chloride bath at all? Why 
not use cyanide-chloride-carbonate mixture as sold on the market? 

M. H. MEDWEDEFF: In a normal salt bath, with one-half of 
one per cent of cyanide, you would not expect to get as much carburiza- 
tion. 

SAM TOUR: So far as I know I have not been able to find any 
appreciable difference between the carbon content as a result of cyaniding 
with a mixture of 8 to 10 per cent of cyanide or 98 per cent cyanide. So 
far as I know the case is the same. Whether that straight line relation 
holds on down to one-half of one per cent, I do not know. 

M. H. MEDWEDEFF: How much of a case would you get? 

SAM TOUR: I do not know. In our work I would not 
that had any case, even 0.0001 of an inch. 

M. H. MEDWEDEFF: Mr. d’Arcambal would you care to com 
ment on this subject? 

CHAIRMAN d’ARCAMBAL: I have had practically no experience 
with salt baths, but I would be afraid, that even with small amounts of 
cyanides, you would obtain nitrides, and with the nitrides you would 
probably obtain brittleness. Also you would not know when to add the 
cyanide again. When you have to keep on adding cyanide to keep up 
your bath, that means that every once in a while you are going to obtain 


use a die 


soft tools due to the cyanide being exhausted and that is quite expensive. 

SAM TOUR: I endeavored to stay away from the subject of nitrides, 
but it is there, of course. 

M. H. MEDWEDEFF: This is a regular process in the work on 
bolts, without any ill effects on the bolts themselves, so I would expect 
that on a die of heavy dimensions the effect would be so small as not to 
cause any deleterious effect. 


CHAIRMAN d’ARCAMBAL: The greatest objection would be, 
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that you would never know when your bath was exhausted. You would 
have to keep on adding cyanide. 

SAM TOUR: Let me try to go through the reaction. You add 
one-half of one per cent of cyanide today. That breaks down to sodium 
carbonate, say in ten hours. The next ten hours you add another one- 
half of one per cent of cyanide. That breaks down. You started with 
a salt bath that did not have any carbonate in it; you are adding every 
ten hours one-half of one per cent of sodium carbonate which is a strong 
oxidizer and decarburizer; just as soon as you get a large percentage 
of that in one of these salt baths you get scale, as well as decarburiza- 
tion. You are intentionally adding cyanide, which will break down and 
form carbonate. Just as soon as the cyanide .runs out, then you will get 
scaling, as well as decarburization. 

H. B. KNOWLTON: I should like to call attention to the action 
of the chloride bath due to moisture of the air. I should also like to bring 
up the point of moisture added by the addition of the chloride itself. 
Several years ago I was working in a hardening room, and we were hav- 
ing a great deal of trouble with our salt pots at a temperature of 1600 
degrees Fahr., not so much as to the pitting of the work, but the pot 
would not stand up, the chloride would cut through. We went after the 
question of moisture. At first thought it does not sound reasonable, that 
the moisture will persist, perhaps, in a temperature of 1600 degrees Fahr., 
but you are continually adding fresh salt. This was a barium-potassium- 
sodium chloride mixture. We found on a laboratory scale with a small 
piece of wire, weighed on a mechanical balance, that it made a great dif- 
ference in the loss of weight of that wire in a hot furnace whether we 
added previously dried salt or whether we added some that we artificially 
increased the moisture content of. We obtained, I believe, a loss of about 
ten per cent on the weight of that wire. Thig loss may not continue 
constantly, but at least when new salt is supplied to the pot a certain 
amount of superheated steam formed, which, combined with the chloride, 
is extremely strong in its reaction. I think that would enter into the 
shortening of the life of the pot. 

SAM TOUR: So far as I know no one practices the addition of 
salt to a molten bath, in that way. Personally, I would be afraid to do 
it. Always, when we make additions to the pot, we make them as 
additions of salt mixtures previously melted, and therefore all the 
water driven off; and we never worry about the life of the pot in 
the furnace in which we make up new salt—that pot goes very rapidly, 
all kinds of things happen to it. The barium chloride on the market very 
often carries two molecules of water of crystallization. Potassium chloride 
is quite hygroscopic and if allowed to stand around it will absorb enough 
water to cause trouble. These salts should be very carefully preheated 
and all users of salt baths that I know of, carry out this procedure. 

M. H. MEDWEDEFF: Unfortunately I did not hear the entire 
paper. Do you preheat your dies before putting them into the salt bath? 

SAM TOUR: I went through all that rather in detail. 
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believe the die should be preheated to about the temperature of the salt, 
and the salt bath and die raised together to the quenching temperature. 
M. H. MEDWEDEFF: You heat it to 


about 1440 degrees Fahr. 
before you put it in the salt bath? 


SAM TOUR: No, we heat it to about 1100 degrees Fahr. At 1400 
degrees Fahr. you might as well go ahead and treat it without a salt 
bath. You scale it at 1400 degrees Fahr. 

M. H. MEDWEDEFF: If you heat it under a reducing atmos- 
phere, which can be done in a gas furnace, you would avoid scaling. 

CHAIRMAN d’ARCAMBAL: What happens when you take a piece 
at 1400 degrees Fahr. through the air to transfer it to the salt bath? 

M. H. MEDWEDEFF: If you put a little salt in your furnace, a 


film forms on your die, and then you can quench it without fear of scaling. 
CHAIRMAN @ARCAMBAL: Put salt in the furnace you mean? 
M. H. MEDWEDEFF: Spread it on the di 


1 e before you put it into 
the furnace. That forms a film, and you can quench it 


scaling. 


without any 


SAM TOUR: You get a mottled surface on your die every time 


you do it. I have yet to find a film formed perfectly in that way. 
CHAIRMAN dARCAMBAL: You know when a person gets a 
good, clean tool out of the furnace, they think they have a fine hardening 
job. For instance, with tools that are hardened in the electric furnace, 
or the gas-fired furnace, with too great an excess of gas, you obtain a 
in color and absolutely clean, but you put a file on it 
and you have quite a deep, soft skin. 


tool that is gray 


Just because your tool comes out 
clean is no reason why you have a_ good tool, because decarburiza- 
tion is formed with too great an excess of fuel. 

L. A. LANNING: As regards the length of life of the pot, would 
that average about 500 hours? That is, your alloy pots? Has that been 
the experience? 

SAM TOUR: You cannot lay down any 


statement like that as to 
the length of life of the pot. 


That varies with the temperature, it varies 
with the size of the pot, it varies with the kind of furnace used, how it is 
fired, whether oil or gas, etc. It is difficult to say that the pot will last 
so many hours. The particular furnace I was using, taking a pot which 
will hold about 500 pounds of salt, operated under conditions with salt 
getting into the furnace chamber, and a few other things bad for the pot, 
900 hours was as long as they would last. 

CHAIRMAN d’ARCAMBAL: What kind of a pot: 

SAM TOUR: A chromium alloy heat resisting pot. 

L. A. LANNING: We operated two such pots and one of them 
ran a little bit over one thousand hours, and the other one has run over 
a thousand hours now. I do not know how long it is going to last, that 
is, with a temperature of 1500 or 1550 degrees Fahr. 

SAM TOUR: A pressed steel pot will give much better service than 
chromium alloy pot. If the chromium alloy pot lasts 1000 hours, in 


same furnace, under the same conditions a pressed steel pot ought 
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to last a length of time which will more than pay for itself. It will prob- 
ably last 500 hours, and will cost a lot less than one-half as much. 

MR. TURNER: I would like to ask whether it is possible to drive 
off the moisture in salt below the melting point of the salt, say 400 or 
425 degrees Fahr., whether it is necessary to melt the salt to drive off 
the moisture. 

SAM TOUR: I would have to be more of a chemist than I am to 
answer that in regard to all the salts. For instance, borax has several 
stages. Take calcium chloride, and so far as | know we have been able 
to get the moisture off very nicely without ever getting it molten. Some 
salts go through a lot of reactions in losing all their moisture. Our usual 
practice is to melt a salt in order to make sure that the salt is perfectly 
dry. 
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INVESTIGATION OF THE TREATMENT OF STEEL 
FOR PERMANENT MAGNETS 


By Ralph L. Dowdell 


Abstract 


This paper deals with various treatments of tungsten, 
chromium, cobalt-chrome and miscellaneous magnet steels 
in order to give them the greatest permanence. A simple 
but accurate testing apparatus for bar magnets is ex 
plained. A new type of coercive force called open circuit 
coercive force Ls compared with the usual coercive force 
(closed circuit). 

Magnetic saturation curves are given for these steels. 
The effect of drawing temperature on the remanent in- 
duction and coercive force of hardened bar magnets 1s 
shown. Magnets with a high coercive force have a 
smaller per cent loss of remanent induction than magnets 
with a low coercive force when subjected to impact forces. 

Natural and artificial aging curves are given for 17 
different treatments. Results indicate that magnets should 
be hardened so as to have the highest scleroscope hard- 
ness possible without cracking. The magnets giving the 
greatest permanence had a treatment consisting of a draw 
at 100 degrees Cent. (212 degrees Fahr.) for about 10 
hours, followed by magnetizing. They were then quénched 
10 times in ice water from boiling water. 


INTRODUCTION 


to purpose of this investigation was to study the relation 

of chemical composition, heat treatment and microstructure, 
to the magnetic properties of different steels for permanent mag- 
nets. A limited amount of research has been done on the open 
circuit testing of permanent magnets and most of these results 
have been measured in arbitrary units that cannot be converted 
into centimeter-gram-seconds (c.g.s.) units. 

As most permanent magnets operate under open circuit con- 
ditions, it is probably of more importance to measure the remanent 
induction than the residual induction in testing. By open circuit 
conditions is meant that the poles of the magnet are separated 

A paper presented before the fifth annual convention of the Society 


in Pittsburgh, Oct. 8 to 12, 1923. The author, Ralph L. Dowdell, is in- 
structor in metallography, University of Minnesota, Minneapolis, Minn. 








— 


TRANSACTIONS OF 
28 AMERICAN SOCIETY FOR STEEL TREATING January 


by an air gap, while in the closed circuit condition there is no 
air gap present. By remanent induction (Brem) is meant the 
magnetic induction measured in terms of lines of force per square 
centimeter threading through the magnet (in open circuit testing ) 
after the magnetizing force is cut off. The centimeter-gram-seconds 
electromagnetic unit of measurement is the gauss. By residual 
induction (B,) is meant the magnetic induction measured in 
terms of lines of force per square centimeter threading through 
the magnet (in closed circuit testing) after the magnetizing force 
has been reduced gradually to zero. Its centimeter-gram-seconds 
electromagnetic unit of measurement is also the gauss. 

The magnetizing field strength (H) in the solenoid about 
the magnet is measured in terms of the number of lines of force 
threading through the solenoid per square centimeter. Its cen- 
timeter-gram-seconds electromagnetic unit is called the gilbert but 
frequently the gauss is used. 

Another property usually determined in magnetic testing is 
called coercive force. The coercive force of a magnet is the nega- 
tive value of magnetizing force required to reduce its indsction 
to zero. . It is usually true that magnets with high coercive forces 
resist shock better than ones with low coercive force. A good 
permanent magnet then should have a Brem and coercive force as 
high as possible and remain constant over a period of time, when 
subjected to shock and the action of demagnetizing forces. 


MaGNeEt STEELS USED IN THE INVESTIGATION 


The steels investigated consisted’ of most of the different 
classes of permanent magnet steels used in this country. In 
addition to steels which are generally used for permanent magnets, 
nickel steels, chrome-nickel steels, chrome-vanadium steels, chrome- 
molybdenum steels, and carbon steels of different carbon con- 
tents, have been included for theoretical considerations. The 


chemical compositions of the various steels used in this investigation 
are shown in Table I. 


THERMAL ANALYSIS 


The critical points of all the steels tested were determined by 
thermal analysis with a Weston potentiometer for indicating the 
electromotive force of the thermocouple. A noble metal couple 
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which had previously been checked against the United States 
Bureau of Standards freezing points of pure metals, was generally 
The steels analyzed by the thermal method were in the 


annealed state, of a size 3/4 inch long by 1/2 inch in diameter, 


used. 


Table I 


Chemical Analyses of Steels Used in Investigation 


Mn 


Si 


P S Cr W Ni Cc \ Mo 
Tungsten Steels 
68 53 36 .40 017 .007 57 5. i7 
69 .67 56 29 O13 O18 18 5.07 
73 67 61 31 UE: .007 20 5.43 
74 6 38 .25 .022 .027 none > ae 
RR 76 61 56 022 Ol 41 5.08 
Chromium Steels 
67 72 56 35 O11 014 2.87 G19 
7) 17 74 33 031 005 2.87 
71 80 S¢ 30 013 002 2.16 
Carbon Steels 

51 70 63 17 028 033 
54 74 ae 20 016 007 
75 98 .65 11 033 O18 
76 18 56 11 020 .021 
104 76 84 29 O1S 025 
105 76 52 .28 O11 
10¢ 54 28 27 .021 .032 

Miscellaneous and Special Steels 
15 35 45 23 019 008 5.0 
18 aa .22 10 021 OOL 15.70 
37 4] 85 14 013 .024 89 2.59 
81 43 .63 26 .013 .012 3 54 
5 39 .90 24 020 Tr 51 me 
97 34 40 11 .002 034 77 72 
98 SO .70 .16 002 021 1.05 22 
9 86 a3 16 OLS O41 9.31 13.66 1.24 


with a hole 7/16 inch for inserting the thermocouple. 


The time 





intervals used in plotting the inverse rate curves were measured 
by two stop watches' mounted in a wooden block so that one oper- 
ator could make a thermal analysis with ease and know the rate 
of temperature change of the specimen at all times. 

Inverse rate curves on some of the steels are given on Figs. 
1 and 2. The rate of heating or cooling was about 4 degrees 
Cent. per minute. It must be remembered that the rate of heating 
or cooling largely determines the position of the critical points. 
Stainless steel No. 18 shows the Ac, below the Ac,., 
Ar,, above the Ar,. 


1. Merica, Bulletin A, I. 


and the 
This is due to the fact that chromium raises 


M. E,, 151, 1021 (1919) 
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the solid solution transformation while the magnetic transforma- 
tion remains about the same as in carbon steels. 


MAGNET Test Bars 


It is generally accepted, and shown in Fig. 10, that a good 
permanent magnet should have a magnetic ratio between about 
25 and 30 in order to store a large number of lines of force within 


CS 25°C Ck 2/°C. Ch £3°C C.S 245°C. 
ta 7 Max 803%. 7 Max 93/°C 7 Max 803°C. 7. (Max. BO3"C. 


c 


ee hee 


Ar 32. 753°C 
° 
~-+ 
} 
| 
| 


Ar 42. 737° 
ir 4. WIS 


— 


Aci23 747°C 4 
-_ 





si 


S 
a 


V2o inch = /O Seconds 


Fig. 1—Inverse Rate Curves Showing the Critical Points of 
Some of the Steels Tested. 
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Fig. 2—Inverse Rate Curves Showing the Critical Points of Some of 
the Steels Tested. 
it. The magnetic ratio (length/diameter) chosen for the test 
bars, unless otherwise specified, was 26.7, the bars being 10 inches 
long by 3/8 inch in diameter. This was considered the largest 
ratio that could be successfully heat treated and tested. The bars 
were machined from 3/4-inch diameter annealed stock and given 
a No. 1 emery cloth finish, In the machining operation a smal! 
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Table Il 


Annealing and Normalizing of Magnet Steels Investigated 


Steel Ac. Held at Method of Average Remarks 
No. Degrees Degrees « ling Scler« scope 
Cent. Cent reading 
for 1 hour 
Tungsten Steels 

62 760 790 Furnace 41.8 

69 760 790 Furnace $5.0 

73 750 790 Furnace $3.2 

7 750 790 lurnace 44.4 

XS 761 850 Furnace 40.0 Received in hardened 

st é 
Chromium Steels 

67 765 790 Furnace 4().2 

7() 765 790 Furnace ez 

| 765 790 Furnace 400 

Carbon Steels 

| 750 750 Furnace 40.4 

54 735 790 Furnace 36.4 

75 760Acm SOU Nir 49 0 

76 800 Acm 790 Furnace 
104 745 790 Air 34.0 
105 745 790 Air 8.0 
106 775 790 Ait 40.0 

Miscellaneous and Special Steels 

15 680 750 Furnace 37.0 

18 825 850 Furnace 36.4 

37 715 750 Furnace 410.5 

X] 705 750 Furnace 33.8 

84 72! 750 Furnace $1.0 

)7 785 SOO Furnace 40.0 

x 763 900 Furnace Above Ac? 
9 840 900 Furnace 52.0 


Table Ill 


Effect of Intensity of Magnetizing Field on the Remanent Induction of Permanent 


Magnets 
Stee Open Brem in Gausses for Cumulative Value f H 
id Circuit H H H H H H H H H H H H 
Bar Coercive 25 SO 75 100 150 200 250 300 350 100 500 600 
N | rce 
74-1 ye 384. 2075 3935 5687 7265 7720 7850 8050 8050 8129 8129 
74-2 65.0 269 1615 3510 5660 7730 8400 8580 8760 8760 8790 8805 
4-3 Tae 131 657 2670 5560 8150 8940 9200 9370 9420 9459 9459 
74-4 63.1 176 1230 3510 5355 7240 7720 7950 8000 8040 8082 8082 
68-1] 58.2 211 1370 6815 8448 8890 9117 9117 9117 9158 9158 
70-1 65.0 153 919 3765 6130 8140 8750 9020 9120 9150 9192 9192 
6-1 81.0 44 396 1580 3700 5767 6565 6872 7048 7135 7174 7174 
54-1 69 .3 131 962 2620 4680 6565 7088 7310 7480 7500 7529 7529 
51-1 65.0 111 935 2980 5515 7170 7695 7880 8020 8056 8056 8056 
81-1 43.5 625 2415 3800 4560 5185 5410 5455 5455 5455 5455 5455 
73-1 54.0 715 2100 3620 4830 5900 6260 6348 6385 6385 6465 6481 
67-1 56.1 112 1390 4570 6950 8560 9060 9100 9197 9197 9197 9197 
. 84-1 36.0 808 2425 4267 4717° 4807 4807 4807 4850 4898 4898 
71-1 56.6 133 1370 4465 6920 8520 8970 9100 9150 9150 9195 9243 
69-1 63.0 66 1020 3865 6660 8570 9150 9380 9420 9559 9559 9559 
15-1 47.0 201 2100 437 5412 6480 6843 6925 7018 7018 7018 7018 
7-1 44.5 311 2400 4800 6091 7105 7375 7420 7511 7511 7511 7511 
18-1 58.8 183 1147 3210 4540 5550 5970 6100 6200 6200 6219 6219 
18-2 55.0 257 1450 3415 4625 5520 5805 5900 5900 5900 5925 5945 
8-2 66.0 178 932 3555 6525 8750 9380 9580 9680 9772 S800 9822 
3 L 44.5 364. 2160 4367 5640 6420 6662 6790 6790 6790 6790 6790 
% S—] 51.0 302 2093 4520 6285 7500 7775 7968 7968 7968 7968 7968 
BY i =122:8 23 225 542 1330 4420 6225 7085 7530 7725 7800 7953 7955 
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coupon 1/4 inch long was made by notching the bar 1/8 inch 
wide and 1/8 inch deep in the direction of its diameter. This 
coupon was broken off after heat treatment and used for micro- 
scopic investigation. 


HEAT TREATMENT AND MICROSTRUCTURE 
Annealing 


The materials tested were in most cases furnished as 3/4-inch 
round bars. They were either annealed or normalized in order to 








1 Test Coil for Coercive Force.11 Double Throw Switch. 

2 Mutual Inductance. 12 Knife Switch. 

3 Ballistie Galvanometer. 13. Knife Switch. 

4 Test Coils for Magnetic Flux.14 Knife Switch. 

5 Galvanometer Scale. 15 D. C. Ampere-Meter. 

6 Solenoid for Demagnetizing. 16 MReversing Switch. 

7 A. C. Ampere-Meter. 17 Slide-Wire Resistance 

8 Lamp-Bank Resistance. 18 Slide-Wire Resistance 

9 1000° Ohms Resistance. 19 Magnetizing Solenoid. 

10 Telescope. 20 Storage Batteries or 110 V-D.C. 


Fig. 3—Wiring Diagram of Apparatus Used in Testing the Magnets. 


facilitate machining operations and also to minimize the warpage 
in subsequent hardening operations. The annealing or normalizing 
temperatures, the method of cooling, and the scleroscope hardness 
obtained in this treatment are shown in Table II. 


Hardening 


The magnet bars were hardened either from a lead pot or a 
muffle furnace. All of the bars were brought to the hardening 
temperature in about one-half an hour, held at the hardening tem 
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Chrome Stee! No.7/-3 
—o=(4,)..— FI9 Gausses 
~--09(4.)oc.= 562$ Gausses 





/2 


Ballishe Galvanometer Deflector 


Fig. 4—Diagram Showing Method of Finding Coercive Force, 
Curve of Chrome Steel 71-3. 


perature for 15 minutes, and quenched vertically in tap water 
maintained at a temperature between 5 and 10 degrees Cent. The 
hardening temperatures of the different bars can be found in the 
accompanying tables. 


Drawing 


In drawing the demagnetized bars, little difficulty was en- 
countered, but in drawing magnetized bars it was essential to keep 
them away from ferromagnetic substances. These latter draws 
were usually performed in a gas-fired copper drying oven (up to 
200 degrees Cent.) or in an automatically controlled electric dry- 
ing oven built of brass and transite board. The higher temperature 
draws were carried on in a gas muffle furnace. The time and 
temperature of drawing the bars in the different series can be 
found in the accompanying tables. 


Microstructure 


The microstructure of the annealed steels was usually a fine 
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granular pearlite. The structure of the hardened steels was the 
characteristic martensite. The needle structure of martensite 
becomes much less distinct as the percentage of the alloying ele- 
ments of the steel increases. In other words, as the steel becomes 
more austenitic the needles gradually disappear. 


APPARATUS FOR MAGNETIC TESTING 


Fig. 3 shows the wiring diagram of the apparatus used for 
testing the magnet bars during the investigation. 


Mutual Inductance 


The mutual inductance (No. 2, Fig. 3) was made from a fiber 
tube having a 4-inch outside diameter, a 3 1/2-inch inside diameter, 
and 31 1/5 inches long. A screw thread of 20 turns per inch was 
cut the entire length of the tube and 624 turns of No. 18 double 
cotton covered copper wire was wound in a single layer on the 
tube. The wire was further protected by a heavy coating of 
shellac on the finished coil. This winding constituted the primary 
of the mutual inductance. 





The field strength (H=gausses) of a solenoid in centimeter- 
gram-seconds units is given by the equation: 


47™NI 
H ———————_- 
10 L 


when I is in amperes and L is in centimeters. The primary wind- 
ing was put on in its particular way so that there would be eight 
turns per centimeter in order to simplify calculations. To obtain 
the field strength with such a winding it is only necessary to mul- 
tiply the current in amperes in the solenoid by 10 which gives 
the flux within the solenoid,? or H=101. 


Around the middle of the primary winding was wound 785 
turns of No. 30 double cotton covered copper wire of 100 turns 


per layer, constituting the secondary winding of the mutual in- 
ductance. 


Movable Test Coil 


A 1aovable test coil (No. 1, Fig. 3) was made by winding 


2. Magnetic testing, U. S. Bureau of Standards, Circular No. 17, 1916. 
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Effect of the Surface Finish of Permanent Magnets on Their Retentivity 


Surface Finish 


Rough turned 


Smooth turned and polished with No. 1% 

emery paper....... an 
Polished with No. 1 emery cloth 
Polished with No. 1 Hub 


Rouge polished 


ert paper 
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Fig. 6—Saturation Curves Showing the Varia- 
tion of Remanent Induction (Brem) with Mag- 
netizing Force (H) for Tungsten and High 
Chromium Steels. Steels 74-1, 74-2, 74-3, 74,4, 
18-1 and 18-2 are Represented. 


100 turns of No. 30 enameled copper wire on a wooden spool. 
A circular piece of wood was glued to the bottom of the spool 
so that it would act as a guide in slipping in and out of the fiber 
tube of the mutual inductance in the coercive force determinations.* 


Test Coil Box Used to Measure Magnetic Flux B 


rem 


Apparatus (No. 4, Fig. 3) was made by taking ten high 
grade glass tubes with 1/16-inch walls, 5/8-inch outside diameter 
and 10 1/2 inches long. Around the middle of these ten tubes 


3. Mme. Curie, Magnetic properties of tempered steels, The Metallographist, 1, 229, 


1898. 
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a | 


were wound 1, 2, 5, 10, 20, 40, 50, 60, 80, and 100 turns, re- 
spectively, of No. 60 enameled copper wire with the leads con- 
nected to individual taps so that any one of the tubes could be 
put into the circuit for the flux measurements. The windings 
were held in place on the glass rods by rubber cement which 
when dried made practically a rubber insulation. Rubber stoppers 
were cut so that they would slip over the ends of these tubes, act- 
ing as spreaders. ‘These tubes were then mounted in vertical po- 
sitions in a wooden box. Horizontal slides were made at the 
bottom of each tube so that the operator could trip the magnet 
which had been placed within the tube with the coil at its center. 
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Fig. 7—Saturation Curves Showing the Varia- 
tion of Remanent Induction (Brem) with Mag- 
netizing Force (H) for Chromium Steels. Steels 
70-1, 71-1, 67-1 and 99-1 are Represented. 
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On tripping, the magnet fell through the test coil onto three heavy 
layers of felt which took up the impact largely, thus protecting 
the magnet against a loss of flux. 


Demagnetizing Solenoid 


The demagnetizing solenoid (No. 6, Fig. 3) consisted of 2000 


turns of No. 15 double cotton covered copper wire wound on a 
brass spool. 


Ampere-Meter 


The ampere-meter (No. 15, Fig. 3) used to measure the 
field strength of the different parts of the apparatus was a 
direct current Weston ampere-meter of 10 ampere capacity gradu- 
ated in tenths of an ampere. This was standardized against a 
larger meter which was later found to be incorrect by the physics 
and electrical engineering departments of the University of Min- 
nesota. This accounts for the factor 1.137 found on some of the 
tables and graphs. 


Magnetizing Solenoid 


The magnetizing solenoid (No. 19, Fig. 3) was made from a 
> > > / 


Table V 


Influence of D.C. and A.C. (60 cycle) Magnetic Fields During Quenching on the 
Remanent Induction of Magnets 





Average Brem for Different Fields 





Heat Quenching Number A. C. Field No D. C. Field 
No. Temp. Bars 500 Gauss Field 500 Gauss Carbon 
Degrees in test During Quench During Quench Per Cent 
Cent. 
1 900 15 6680 6650 6675 .76 
2 900 15 neve 6750 6589 .76 
3 900 6 4845 4790 .76 
4 900 5 6040 5925 ae 76 
5 900 12 ; 5762 5548 .76 
6 900 5 2253 2150 ads .36 
7 900 + ; 2240 2148 av 
8 900 13 7050 6880 6930 .76 


Note: The bars were quenched in water between 5.5 and 10 degrees Cent. under the influence 
of the different magnetic fields after which they were all magnetized at 500 gausses (D.C.) and tested. 
The steels used were straight carbon steels. 
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fiber tube having an outside diameter of 1 inch, a 3/4-inch inside 
diameter, and a length of 23.6 inches (60 centimeters). On this tube 
was closely wound 10 layers of No. 17 enameled copper wire 
making 482 turns per layer or practically 8 turns per centimeter. 
The magnetic field in gatisses in this solenoid was then H = 1001, 
on account of there being 10 layers. 

An infinitely long solenoid would have the same field strength 
at its center that it would have at either end. An equation for the 
field strength for any point along the center line of the solenoid 
is given as* 

2™N I (cosa+ cosa’) 
i= - 





10 L 

H = field strength in gausses 

N = total number of turns 

| —= amperes 

a= angle subtended between center line of solenoid at 
the point where the field is to be determined, and 
a line from that point to the inside circumference 
of the end of the solenoid winding 

a’==The angle subtended at the opposite end of the 
solenoid. 

If the point is in the center of the solenoid the (cosa + 
cos a’ )==2 cos a with the cos of a approaching 1 at infinity or mak- 
ing the equation 

47™NI 
H = —————_ 
10 L 


In calculating the required length of the magnetizing solenoid 
so that at a point 5 inches from the center there would be a 
negligible error (the magnet being 10 inches long, or 5 inches on 
each side of the center), it was found that the field was 0.05 per 
cent less at the end of the bar than at the center for a solenoid 
60 centimeters long. The fields at the center and ends of the mag- 
net can therefore be considered the same. 


Hammer Machine 


A machine was built of wood for the hammering of mag- 


Zelney Laboratory Manual of Physics, 1920. 
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O 100 200 300 400 
Magnetizing Force (H? 

Fig. 8—Saturation Curves Showing the Varia- 
tion of Remanent Induction (Brem) with Mag- 
netizing Force (H) for Nickel and Chrome- 
Nickel Steels. Steels 37-1, 15-1, 81-1, 84-1, 
98-1 and 97-1 are Represented. 


netized bars in order to determine their stability to shock. It 
consisted of brass anvil blocks weighing 1 pound each, in which 
three magnetized bars were placed at one time, 18 inches apart, 
vertically with their actual north poles up. They were struck 
with brass hammers weighing 1 pound each, which were tripped 
by a camshaft from a head of 1 foot, giving 21 blows per minute 


PROCEDURE IN TESTING MAGNETS 
Electrical Energy 


The electrical energy used for magnetizing was obtained, 11 
the earlier part of the work, from a number of storage batteries 
connected in series, but later from a 15-kilowatt motor-generato: 
set developing direct current at 110 volts. The latter, however, 


was found to be more satisfactory than a storage battery arrange 
ment but not as constant. 


. Ps 
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Table VIII 


Relation of Per Cent Loss of Remanent Induction Under Impact to the Coercive 


Brem . 
Steel Scleroscope Sefore After Per Cent . 
No. hardness Hammering Hammering Loss Oper 
Tungsten Steels 
73 85 9600 9230 3.86 70 
69 45 2775 67 97.5 14 
73 93 9350 9030 3.42 78 
69 96 9530 9070 4.82 67 
73 73 5180 2820 45.5 25 
69 70 5480 2860 47.8 22 
69 42 5230 1535 70.6 15 
73 51 §290 1340 74.5 19 
Chromium Steels 
0 41 4690 2615 44.2 30) 
0 94 9420 9035 4.1 69 
70 74 5870 3160 46.2 27 
70 50 4575 1385 69.7 18 
Chrome-Molybdenum Steels 
) 40 1650 114 93.0 10 
17 75 7000 5950 15.0 45 
7 64 3760 1420 62.2 22 
7 42 2890 139 93..7 11 
Cobalt-Chrome Steel 
9 52 5880 87 98.5 26 
9 60 7415 4460 39 9 52 
9 55 7180 4195 $1.5 48 
19 52 4950 $5 99 0 2? 
9 86 8025 7685 4.23 137 
Carbon Steels 
106 86 7200 6525 9.4 65 
106 40 2630 t23 re.2 15 
75 49 2630 1455 44.7 31 
Mild steel 35 1617 437 73.0 12 
C .36 
75 55 3860 2760 28.5 31 
Note: The heat treatments of the above steels were varied in order to 
ent coercive forces. 
ach bar was hammered with 945 blows of 1 foot-pound over a period o 


Force for Various Steels 


Calibration of Ballistic Galvanometer 


ercive Force 
1 Ch ed 
Circuit 
4 56.0 
l 10.7 
2 61 + 
5 53.2 
0 20.6 
8 18.7 
6 13.8 
5 16.4 
1 a 
7 oem 
8 20.8 
75 is. 
7 7.0 
2 32.0 
0 14.3 
7 9.8 
0 21.1 
7 39.4 
0 35.5 
3 17.5 
3 115.4 
45.4 
2 7.0 
0 20.1 
2 9.5 
5 20.1 


produce magnets of 


f 45 minutes. 


The ballistic galvanometer (period ==-10 seconds) was cali- 


brated about every 1/2 hour during testing. One ampere was 


broken on the primary of the mutual inductance and the secondary 


deflection noted. 


Determination of Remanent Induction 


lhe bars tested were all magnetized and reversed 10 times 


etore testing, after which they were tested for remanent induction® 
y dropping them through the 100-turn test coil (No. 4, Fig. 3) 
ind noting the deflection of the ballistic galvanometer. 





smith, Theory and Practice of Electrical Measurements, Purdue University, 1909, 
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In the derivation of the formula, it is assumed without proof 
that a unit magnet pole has 47 lines of force proceeding from it, 
the surface of a sphere being 47. The strength of a magnetic 
field is then equal to 4* NI in centimeter-gram-seconds units or 
dynes. 

Now on the mutual inductance, 

Let N—number of turns per centimeter 
5S = total number of turns on secondary 
r==radius of secondary in centimeters 
A=area of cross section of secondary in square 
centimeters 
© =coulombs == quantity of electricity transferred 
by a current of 1 ampere per second. 

The magnetic flux (Y) through the secondary of the mutual in- 

ductance is 
®—FA or force times the area. 
OP—FA—4"NIA=4" Nr’! 
The number of linkings N=%@S—47rIS 
N 
M=—=— or N=MI1 
| 
The value of the current flowing through a resistance R un- 
der an electromotive force is given by Ohms law, 
Ie 
| ——, (a) 
IR 
dQ 
Remembering that the current | ==—— (b) 
dt 
dN 
and that E =—— (c) 
dt 
Now combining (a), (b) and (c), 
dQ  ,dN N 
—— = —_ = => — 


dt dt R 


R 


tel py 


= 
2 
4 
a 
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N M I 4mWmN re Sl 
O=>—- => = ——————- in c.g:s. units. 


R R R 





However, in practice I is in amperes and R is in ohms. 





1 ampere=10" in c.g.s. units. 
1 ohm= 10° c¢.g.s. units. 
When the magnet is dropped in the test coil giving the deflec- 
tion d,, we have 


. a 
N B ren A 5 
Equation (a), QO,= == —— coulombs = G d, 


R 10° R 108 


N = total number of linkings 





B= the induction density 
A= the cross section of the bar in square centimeters 
5’ ==number of wire turns on test coil 
R= total secondary circuit resistance. 
When the primary of the mutual inductance is broken we have 
4™NIaS 
Equation (b), Q,=— 








coulombs —=G d.. 
R 10° 
N =number of primary turns per centimeter 
a=area of secondary coil 
== total number of turns on secondary coil. 
Solving equations (a) and (b) for G and equating we have, 


B AS 4™NIaS 


rem 


d, R 108 d. R 10° 
Now solving for B om 
4™NIaSd, R10 


d, R 10° A S’ 


Taking out the constant K we have, 


4™NIaS 
K = or galvanometer constant 
. 10S’ d, 
4 K d, 
i = 
A rem 





A 
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Remanent /nducton (Bem) Gadsses 
b 
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3,000 

















foo 200 9 


300 oo 
Magnetizing force (H/) 
Fig. 9—Saturation Curves Showing the Varia- 
tion of Remanent Induction (Brem) with Mag- 


netizing Force (H) for Carbon Steels. Steels 
51-1, 54-1 and 76-1 are Represented. 


The remanent inductions for each bar in the following tables 
were figured from the last two equations by substituting the fol- 
lowing numbers for the letters, and are accurate to about 1 
per cent. 

a==area of primary coil=81.071 square centimeters 
N=8 primary turns per centimeter 
I current in amperes 

S = 785 turns on secondary 

S’= 100 turns on test coil 


a a a a il aie Si 
ay AR nee is > 


Determination of Open Circuit Coercive Force (-He)oc 


The bars were tested for open circuit coercive force by low- 3 
ering them into a holder at the center of the mutual inductance 2 
primary, the center of the bar being in the center of the solenoid. 2 
The movable coil (No. 1, Fig. 3) was then lowered so that the 
coil came around the middle of the magnet. Increasing increments 
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of a reversed magnetic force were then applied and broken; the 
movable coil was then pulled out by a string, cutting the lines of 
force in the magnet and producing different ballistic deflections. 
When the magnetomotive force (H) applied was too strong the 
bar would be magnetized in the reverse direction and the ballis- 
tic galvanometer would deflect in the reverse direction. These 
increments of field strength were taken so that the magnetomotive 
force could be plotted against the ballistic deflection and the 
point obtained by extrapolation where the induction in the bar was 
zero. Fig. 4 shows how this was done. If the bars were re- 
magnetized and the proper open circuit coercive field made and 
broken on the solenoid, the bars would be found to have a zero 
deflection and zero induction when the movable coil was jerked 
out. 


4 





Remanent Induchon (Ener 











ZO 36 z 
Magnetic Ratio ( Vas 





o\= Geen Grows? Jas 
- Chased Creu? Jashs 


“oercive force (-H) 





10 20 30, gO 
Magnetic Roto (a4) 


Fig. 10—The Upper Curves Show the Effect 
of Magnetic Ratio (l/d) on Remanent Induc- 
tion (Brem) in Bar Magnets of Normalized 
and Hardened Steels. The Lower Curves Show 
the Effect of Magnetic Ratio (1/d) on Coercive 
Force (—Hce) in Open and Closed Circuits for 
Normalized and Hardened Bars. 
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Nole Stee! *ias magnetized te saturation ef fo gausses Z 
Magnetic Ratio A} for Dars 1,2,3+ 23639+IS, bars 4,5,6 + 10/.9b3+* BIS; DATS 7.8.9" 5/.363* 13.77 
«see 7a] B71 aT aa] 76 [ne] ae] 27] a5] os] a] ag] uel rs] 2] arly aad) 
Normelized S.b.n 48 Bar Brem 5775 
oAsaZ 2.9] 33] 74) 53] 27] <7 7] a7) os] as] a7] [+7] 27] 5.3] 20] 33] 2-9] 98.9467 
Nardered Spon 90 Bor 2 Brem 7870 
; 
SS eat epi itian ane ranegiite 
oA seo] 225 95] 0.4] 57] 20] aT os] o sf oa] 24] +3] a] rs] ze] asf us i2s] a9 era} 
WNordened End S.4.n G2 8er \3 Brem 7730 Normalized End Sha. $0 
58 [38.5] 24.7] 7.2] 78] 4.0] 4.0] 48 | /72] 2471285 5.8 
Normalized eri4 Brem 2560 
6.6[ 44.4] 25.51/24] 7.7] 24] 2.4] 77] 9.4] 255,444) 66 
Hardened Sha. GO Bor \5 Brem ©0620 
Awa al 40] 35 2 ara] Baa ea 27 - 
Merdened End S.h.n. 92 Ber é Bram 5749 Normaliztd fnd §..7. 50 f 
: Gaal zetia 2 24 08) 58 24.0} 58.9} 11.7 Volues given on the bars 
Normalized Sh.n. 48 80r 7 Brom 748 are per cents of Brem 
eo[ ee 7] 20s) 9ad 249] 427) ¢ ot AE Se Bun 
¢ | 62.7) #0 s , eT oe 
Hardened S.An. Bar Brem 34/0 within he par cu/a c 
section of fre Dar 
asf 652) 252)0 44 364 468\ 78 
Hardened End S.h.7. 82 Bar9 Bren &970 Nermajized End S.7 43 
Fig. 11—Distribution of Remanent Induction in Bar Magnets 
as Influenced by Magnetic Ratio (1/d) and by Heat Treatment. 
80 
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Drawing Temperature °C 
Fig. 12—The Variation of Coercive Force 
(—Hc)o.c. with Drawing Temperature. All Steels 
were Hardened in Tap. Water and Air Cooled 
from the Drawing Temperatures. All Steels were 
Magnetized at 500 Gausses after each Draw and 
(—He)o.c., determined, Steels given Cumulative : 
Draws for One Hour at 50, 100, 200, 260, 300, < 


400, 500, 600 and 700 Degrees Cent. 
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Determination of Closed Circuit Coercive Force (-He)ce 


in the usual magnetic testing the coercive force is determined 
similar to the (-H.)oc test except that the reversed field is left 
on while the movable coil cuts the lines of force. In this case a 
calibration was obtained between the ballistic deflection of the 
movable coil (No. 1, Fig. 3) and H without a bar in the solenoid. 


VOL00 Op 9g 9m 








Remanen? Induction (Brem) GQUSSES 


200 
Drawing Temperature °C. 


Fig. 13—The Variation of Remanent Induction 


(Brem) with drawing Temperature. All Steels 
were Hardened in Tap Water and Air Cooled from 
Drawing Temperatures. All Steels were Magnetized 


at 500 Gausses after each Draw. Draws were Cumu- 

lative at 50, 100, 200, 260, 300, 400, 500, 600 and 

700. Degrees Cent. for One Hour. 
[his calibration curve gave a correction for the H value in the 
solenoid when the bar had zero induction. This correction was 
then applied to the curve, as shown in Fig 4, and the (-H¢<) ce de- 
termined by extrapolation as before. This checks absolutely with 
a permeameter. 

Demagnetizing 


Whenever the magnets were to’ be demagnetized, it was done 
by slowly pulling them through the demagnetizing solenoid with 
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PERMANENT MAGNET STEELS 
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Brem (8 low by factor £137) 





100 200 300 400 500 600 FOO °C 
Drawing Jemperatares 


rig 14—The Variation of Remanent Induction (Brem) 
with Drawing Temperatures for Magnetized Bars. All Steels 
were Hardened in Tan Water and Air Cooled from Drawing 
Temperatures. The Bars were Magnetized after Hardening 
ind Similar Pairs Coupled in Series by Wrought Iron Yokes 


which Remained on Throughout the Drawing Operation. ‘The 
Steels were given Cumulative Draws at 75, 100, 125, 150, 200, 
250, 300, 400, 500, 600, 700 and 800 Degrees Cent. 


an alternating current field slightly higher than the direct current 
feld used for magnetizing. This was quite satisfactory in eliminat- 
ing all induction in the magnets. 


RESULTS OF MAGNETIc TESTS 


Effect of Intensity of Magnetizing Field on the Remanent In- 
duction of Permanent Magnets 


Figs. 5 to 9 inclusive, show the value of magnetomotive force 
necessary to saturate the magnets. The data for these graphs can 
be found in Table III. 
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Table XI 
Artificial and Natural Ageing of Permanent Magnets 


Treatment No. 3, Magnetized after hardening; demagnetized and drawn at 75 degrees Cent. for 
4hours. Remagnetized and aged in vertical position. 


Steel Ac, Quench Sclero- After After When After After After After After 


& Bar Deg. Temp. scope Hard- Draw Stored 15 102 . 226 369? Remag- 
No. Cent. Deg. Hard- ening days days days days _ netiza- 
Cent. ness tion 
51-25 750 760 88.0 8666 8681 8681 8613 8601 8232 7976 8207 Brem 
+0.17 0 0.79 0.9 ya 8.1 % Loss 
54-25 735 745 93.0 7993 8036 8036 7959 7766 7643 7381 7601 


+0.54 0 0.96 3.4 4.9 8.2 
76-25 800 810 90.5 7493 7469 7469 7362 7300 7106 6831 8153 
: 7 3 


—0).32 0 1.43 Ban 4.9 8.6 
69-25 760 770 84.0 10688 10711 10711 10559 10449 10074 9880 10117 
46.0 -@:- 14 i384 $9 7.8 
73-25 750 760 84.0 10813 10744 10744 10608 10347 10216 9925 10153 
—0.53 0° 1.3 3.7 49 7.6 
88-2 7 


5 761 771 98.0 11029 10972 10972 10858 10858 10449 10222 8153 
—0.52 0 1.0 1.0 4.8 6.8 
67-3 765 775 91.0 11131 11083 11083 10961 10870 10481 10193 10432 
—0. 43 0 FA . , 
70-25 765 775 72.5 10034 9943 9943 9863 9865 9460 9218 9437 


: —0.9 0 O08 08 4.91 5.9 
71-25 765 775 89.0 10375 10312 10312 10150 10119 976 9460 9767 
—0.6 . i a fae 


18-15 825 835 69.5 6896 6892 6892 6879 6799 6566 6457 6504 





—O0. 0 0.2 ‘oo 4.7 6.3 
15-25 680 690 83.5 8226 8513 8513 7843 7834 7567 7118 7561 
vo 0 7.9 8.0 11.2 16.4 
81-25 705 715 84.0 8496 8283 8283 8128 8042 7794 7516 7669 
—2.5 0 1.9 2.9 5.9 9.3 
84-25 721 731 76.0 7491 7419 7419 7305 7248 #6992 6534 7010 
—1.0 0 3.2 2.3 a 11.9 \ 
37-25 715 725 83.5 8516 8357 8357 8158 8061 7828 7566 7845 
—1.9 0 2.4 ye 6665 3 
Average Per Cent Loss........... ..F 2.6 i, 8.8 
41 59 149 
days days days 
98-2 867 878 85.0 SO51* 8704 8704 8699 8582 8437 8570 
—3.8 0 0.05 1.4 3.4 E 
97-2 785 795 73.0 7828* 7425 7425 7331 7235 7084 7254 
—5.2 0 ‘3 2.6 4.6 
99-2 840 850 78.0 9085* 8817 8817 8817 8767 8598 8677 
—2.9 0 0.0 0.6 Za 


Average Per Cent Loss 
* Drawn 15 hours. 


Effect of the Surface Finish of Permanent Magnets on Their 
Retentivity 
The data in Table IV shows the per cent loss of five bar 
magnets having different surface finishes. 


Influence of Notches and Cracks in Magnets 
As some of the hardened bars showed slight cracks (usually 
running lengthwise of the bar) it was decided to determine the 
effect of the cracks and notches on the Brem. Several 10-inch 
bars, which were broken into 5-inch lengths and put back together 
for testing, showed about a 20 per cent loss of Brem. A notch was 


| 
| 











PERMANENT MAGNET STEELS 


Table XII 
Artificial and Natural Ageing of Permanent Magnets 


Treatment No. 4, Magnetized after hardening; demagnetized and drawn at 150 degrees Cent. for 
7 hours. Remagnetized and aged in vertical position. 


Steel Ac, Quench Sclero- After After When After After After After After 








& Bar Deg. Temp. scope Hard- Draw Stored 9 127 241 363 Remag 
No. Cent. Deg. MHard- ening days days days days netiza- 
Cent. ness tion 
51 36 750 760 76 0 8351 7942 7942 P 7879 7766 7663 7356 74 3 Brem 
—4.9 0 0.8 a 3.5 7.4 % Loss 
54-36 735 745 92 .0* 8130 7936 7936 7868 7834 7550 7376 6718 
—2.4 0 0.9 ee 4.9 ‘ 
76-36 800 810 92 .0* 7538 7730 7730 7629 7572 7345 7194 7295 
+2.6 0 EY. 2:0 5.0 6.9 
69-36 760 770 76.0* 10580 9949 9949 9858 9780 9437 9269 9423 
—5.96 0 0.9 Be Se 6.8 
73-36 750 760 82.5 10844 10426 10426 10252 10119 9825 9608 9837 
—3.8 0 bz 2.9 > o 76 
88-16 761 771 86.5* 10688 10176 10176 10096 10000 9653 9426 9625 
—4.8 0 0.8 1.7 Fe 7.4 
67-46 765 775 88.4* 10244 9539 9539 9401 9380 9016 8847 9062 
—9.9 0 1.4 Lt 5.4 7a 
70-36 765 775 86.0 9954 9665 9665 9585 9585 9221 8986 9151 
—2.9 0 0.8 0.8 4.6 7.0 
18-26 825 835 71.6 6750 6741 6741 6714 6663 6487 6336 6401 
—0.13 0 0.24 ..2 3.8 6.0 
15-36 680 690 75.0 7982 6992 6992 6845 6820 6600 6447 6563 
—12.4 0 ee 2. 4.0 1.3 
81-36 705 715 75.0 7311 6367 6367 £6231 #6197 5997 5815 6026 
—12.9 0 aa ze 7a &.7 
84-36 721 731 78.0 8209 7260 7260 7105 7061 6822 6657 5855 
—11.6 0 2.4 ait 6.0 8.3 
37-36 715 725 71.0 8471 7652 7652 7592 7504 7309 7073 7253 
—9.7 0 0.8 1.9 4.5 7.6 
Average Per Cent Loe... ...6..... B24 1.9 4.9 7.4 
41 59 149 
days days days 
98-3 867 878 87.0 9016 8014 8014 8014 7923 7809 7937 
—l1.1 0 0 ‘3 2.6 
97-3 785 795 74.0 7612 6657 6657 6634 6557 6441 6527 
—12.6 0 0.34 os aa 
19-3 840 850 79.0 9051 8857 8857 8937 8813 8695 8723 
—2.4 0 1.2 0.24 1.6 
Average Per Cent Loss........... 0.5 0.9 23 


* Drawn 11% hours. 


cut 1/16 inch wide and half way through a 10-inch bar but made 
it lose only about 7 per cent of its Brem. 


Influence of Direct Current and Alternating Current Magnetic 
Fields During Hardening on the Remanent Induction of 
Magnets 


The effect of direct current and alternating current magnetic 
fields during quenching on the Brem of magnets is shown in Table 
V. In these experiments a combination of brass quenching tank 
and solenoid (3-inch diameter tube, 48 inches long, wound with 
2936 turns of No. 15 copper wire) was used, through which tap 
water was kept running constantly. All of the bars in each heat 
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Fig. 15—Relation of Per Cent Loss of Remanent Induction 
Under Impact to Coercive Force for Various Steels. Bars 
were 10 Inches by 0.375 Inches + 0.01. Impact Blows of 
945-one foot pound over a Period of 45 minutes were Applied 
to each Bar. The Bars were Magnetized at 500 Gausses, 
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Fig. 16—Effect of Quenching Temperature on the 
Per Cent Loss of Brem in the Natural Ageing of Bar 
Magnets. Steel and Bar Numbers are Indicated on the 
Curves. 
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XIII 


PERMANENT MAGNET STEELS 


Artificial and Natural Ageing of Permanent Magnets 


eatment No. 5, Magnetized after hardening 


n air until approximately 5 Per Cent of Brem was lost; aged in vertical position 


Steel Quench Held After After 
& Bar Ac, Temp. at Ilard- Draw 
N Deg. Deg. 100 ening 
Cent. Cent. Deg. 
Cent. 
for 

51-360 750 760 40 min. 8182 7754 
5 3 

54-250 735 770 40 min. 8286 7472 
9.8 

69-250 760 795 40 min 10156 9423 
7 ) 

88-160 761 771 40 min. 10242 9687 
5.4 

67-30 765 800 40 min. 10238 9574 
6.5 

15-250 680 715 25 min. 7630 6898 
9.6 
81-250 705 715 25 min. 7669 6776 
-11.6 

7-360 15 725 25 min. 8277 7663 
7.5 

s—-20 867 878 25 min 8632 8061 
6.6 
20 840 850 45 hrs. 8947 8613 

) / 


Average Per Cent Loss.. 


After 


Sacri- 
fice 


When 


Stored 


After 
3 


days 


After After 
19 140 
days days 
7305 7229 
5.8 6.8 
7128 6989 
4.6 6.5 
8973 8832 
4.8 6.3 
9241 9049 
6 6.6 
9155 8964 
4.4 6.4 
6572 6401 
4.72 tia 
6396 6246 
5.6 7.8 
7220 7148 
> 6.7 
7637 7426 
2 7.9 
8221 8220 
4.7 4.7 
5.0 6.7 


Treatment No. 6, Magnetized after hardening; remagnetized and drawn 

in air until approximately 5 Per Cent of Brem was lost; bar partly demagnetized in 
reversed field until approximately 5 Per Cent more of Brem was lost; aged in 

vertical position. 


54-360 735 770 47 min. 7919 7587 
—4 2 
69-360 760 770 20 min. 11017 9653 
-3.6 
88-250 761 796 20 min. 10335 QOR15 
5.05 
67-460 765 775 15 min. 9355 8935 
4.5 
15-360 680 715 20 min. 7348 6741 
—S.3 
81-360 705 715 15 min 6924 6435 
—7 1 
8-30 867 878 20 min. 8636 8040 
6 9 
19-30 840 850 45 hrs. 9088 8715 
—4.] 


Average Per Cent Loss 


7257 
9162 
9380 
8457 
6422 
6140 

7666 


8300 


7257 
O 
9162 
0 
9380 
0 
8457 
O 
6422 
QO 
6140 
0 
7666 
0 
8300 
O 


7211 
0 64 
9120 
0.46 
9289 
0.97 
8414 
0.51 
6388 
0.53 
6127 
0.20 
7616 
0.65 


0.6 


6./ 


7046 
9.] 
6803 
& Y 
8622 
= 
S838 
8.8 
S800 
8.1 
6298 
8.7 
6140 
g 4 
6955 
9 2? 
7341 
o.7 
8035 


5 


8.1 


; remagnetized and drawn at 100 degrees Cent 


Brem 


o// Loss 


at 100 degrees Cent., 


6876 6697 
/* Fiat 
8721 8618 
4.8 5.9 
8843 8786 
5.7 6.3 
7948 7941 
6.0 6 l 
6064 5929 
5 .¢ Fuk 
5774 5642 
6.0 8.1 
7263 7103 
7 7.3 
8243 
0.69 
. 5 6.2 


6550 
9 7 
8462 
7.6 


8618 


of this test were taken alternately from the hardening furnace and 


quenched in the water bath surrounded by the different magnetic 
. helds. After this treatment the bars were all magnetized and 

om . ¢ > ee a cin pe eeiin . a. > aT -e 
Z ested for B... The bars were given the high temperature 
i quench from 900 degrees Cent. (1650 degrees Fahr.) so that they 





giving the different magnetic fields a greater opportunity to act. 


would have more time in going through the solid solution range 
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Effect of Magnetic Ratio (1/d) on the Remanent Induction and 

Coercive Force of Normalized and Hardened Steels 

The effect of magnetic ratio on the B,.,, and (-H-.) of nor- 
malized and hardened steels is shown in Fig. 10. This graph is 
drawn from the data on three carbon steels only but its form 
would probably be representative of most of the different com- 
positions. 


o 


~ 
~ 


Per Cent Loss Of Byer 
2 





Foo 300 
Days of Ageing 


Fig. 17—Effect of Various Treatments on the Aver- 
age Per Cent Loss of Brem in the Ageing of Miscel 
laneous Bar Magnet Steels. Steel and Bar Numbers 


are 
Indicated on the Curves. 


Distribution of Remanent Induction in Bar Magnets as Influenced 
by Magnetic Ratio and by Heat Treatment 


Fig. 11 shows the percentage distribution of the total flux 
within each 1l-inch section of the different length bars. These Lb ,... 


determinations were made by slipping off a small test coil (sur 
rounding the bar) from these different sections of the magnet. 


The Variation of Open Circuit Coercive Force With Drawing 
Temperature 

Data giving the effect of drawing temperature on the open 
circuit coercive force is given in Table VI. This data is graphically 
represented in Fig. 12. The procedure in this test was as fol 
lows: The bars were magnetized to saturation and tested for 
(-H.)oce They were then demagnetized and given cumulative 
draws for one hour followed by an air cooling. After each draw 
they were remagnetized and tested. The cumulative draws were a 


at 50, 100, 200, 260, 300, 400, 500, 600, and 700 degrees Cent 4 


ieee Ee. 








Treatment No. 15, Magnetized after hardening; magnetized bar quenched from 
Cent. in carbon dioxide snow at 
until approximately 5 Per Cent of Brem was lost 


Steel Ac, 
& Bar Deg. 
No Cent. 
51-40 750 
54-40 735 
69-40 60 
71-250 765 
18-30 825 
15-40 6380 
81-40 705 


Treatment No. 16, 


76-40 SOO 
73-40 750 
70-40 765 
84-40 721 
37-40 715 


Treatment No. 17, Magnetized after hardening; demagnetized and drawn 


PERMANENT 


Table 


Quench Sclero- After After 
Temp. scope Hard- Draw 
Deg. Hard- ening 
Cent. ness 

785 8348 

745 7771 

95 7891 

75 9769 

860 S535 

/ ] 5 739 

715 5622 


Average Per Cent Le 


SS 


Same as No. 1 


810 7659 7505 
2.0 

760 5065 SO86 
+O. 4 

800 9471 9280 
2.0 

731 5526 5514 
2.0 

725 8453 8232 
-2 6 


Average Per Cent Loss 


MAGNET 


XVI 


After 
Sacri 


fice 


7936 
4 9 
7334 
5.6 
968? 
6.1 
Q334 

s 


79 


_ane 


7027 
5.0 
§329 


5 2 


7401 
1.4 
4810 
zee 
9019 


? 


4 


9SY9 


A~raynunbd 
Smwres 









es : 
57 degrees Cent., after 


W hen 
Stored 


7936 
0 
7334 
0 
9682 
0 
9334 
8) 
$277 
0 
7027 
0 
53 


0 


9 


7401 
0 
4810 
0 
9019 
0 
§224 
0 
7959 


0 


STEELS 


held 


being 


5 ex ept that the bars were demagnetized and drawn at 
degrees Cent. for 12 hours; then remagnetized before the carbon dioxide quenches 





61 


Artificial and Natural Ageing of Permanent Magnets 


20 degrees 


in the snow 


Aged in vertical position 


After After After Held 
Ll 133 167 in snow 
days days days for 
Min 
7572 7462 7330 90 Bren 
4.6 6.0 6 %, | 
OSS 6759 6660 20 
6.1 7.8 9.) 
93504 9096 8949 135 
3.9 6.1 r 6 
R933 8789 RO6S 11S 
t+ 3 ; gs 7.2? 
S04 4974 4935 10) 
+ 4 a8 6.5 
6646 6392 6315 10 
5.4 9.0 10 1 
§Q22 Xo] 1770 35 
5.8 7 10.4 
9 0 8.4 
100 
OSS84 6782 6735 65 
‘oe 8.4 9 0 
4516 4449 4416 10 
6.1 7 5 8.2 
8656 8562 R436 247 
4.0 ‘.% 6.5 
$920 4849 6735 23 
. @ 7.2 9 3 
7543 7436 7328 60 
6.2 6.6 7.9 
5 Ss 6.9 Ss ) 


it 100 degree 


Cent. and remagnetized; quenched 5 times in CO, snow from water at 100 degrees 


105-6 740 
105-7 740 
105-9 740 
105-10 740 


Be RRS AES 





Cent., and held 5 minutes in each 
Sl days 
750 91.0 7595 7447 7123 7123 7072 
2 ®. 0 0 
750 9] 0 7163 7163 6785 6785 6640 
0.0 5.3 0 e.% 
750 94.0 7688 7542 7163 7163 7118 
0.4 5.0 0 0.6 
750 87.0 7481 6806 6806 6617 
9.0 0 1.8 
Average Per Cent Loss.. ko 


Data giving the effect of drawing temperature on B 
also given in Table VI and graphically represented in Fig. 
(he procedure in this test was the same as above. 


115 days 

6970 Drawn 10 hrs 
) ) 

6585 Drawn 20 hrs 
; 0 

7OO8 Drawn 20 hr: 


> 9 
6510 Not drawn 
t 3 


) ‘) 


he Variation of Remanent Induction with Drawing Temperature 


rem 
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The Effect of Drawing Temperature on the Remanent Induction 
While in the Magnetic State | 
Data giving the effect of drawing temperature on the B rem 
while in the magnetic state are given in Table VII. In this series 
the bars were magnetized to saturation and tested for Brem. Similar 
bars were then yoked with wrought iron yokes of 3/4-inch square 
stock with 3/8-inch holes drilled 1/2 inch deep and 1 3/4 inches 
apart. It was found that if these pairs of bars were magnetized 
and connected in series with these magnetized yokes, there was 
practically no loss of Brem after standing several days. In this 
manner these bars were given cumulative draws for one hour at 50, 
75, 100, 125, 150, 200, 250, 300, 400, 500, 600, 700, and 
800 degrees Cent. followed by air cooling. The yokes were of! 
only during the test for Brem. 


Relation of the Per Cent Loss of Remanent Induction Under Im 
pact to the Coercive Force for Various Steels 

Various magnet steels were taken at random and given 
different quenches or draws to give them different coercive forces. 
These bars were magnetized, tested, and subjected to 21 foot 
pound blows per minute over a period of 45 minutes, after which 
they were again tested in order to obtain their per cent loss. Th« 
45-minute time limit was adopted because the per cent loss afte: 
45 minutes was usually about 75 per cent of the loss obtained with 
5 hours hammering. The first falls are the most effective.® Thi 
data for this test is given in Table XIII. Fig. 15 shows this data 
in graphical form. The dotted curve is drawn through the cobalt 
chrome steel points. 


Artificial and Natural Ageing of Permanent Magnets 


Different artificial and natural ageing treatments were give! 
the magnets which can be found by referring to Tables IX t 
XVI inclusive. In all natural ageing or storing treatments th: 
bars were suspended in a vertical position from strings. The 
were kept 18 inches apart and all had their actual north poles u 
(not their north seeking poles). These bars were lightly grease 
with a rust proof oil to keep them from tarnishing. Fig. |! 


shows the effect of different quenching temperatures on the p: 4 
6. Mme. Curie, loc. cit, ; 
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ent loss of Brem in ageing. Fig 17 shows the effect of various 
) 


treatments on the average per cent loss of Brem in the ageing of 


miscellaneous bar magnet steels. 
CONCLUSIONS 


1. From the saturation curves (Figs. 5 to 9 inclusive) it is 
shown that all of the steels except No. 99 are saturated at 400 
vausses or less. Cobalt-chrome steel No. 99 requires 500 gausses 
for saturation. 

2. In the natural ageing of weak magnets, the rougher the 
rface finish the less is the per cent loss of Brem (Table IV). 

3. Small hardening cracks do not appreciably change the 
Bb, of a magnet. Of course they are to be avoided if bars are 
to be polished or plated as the cracks may retain water or plating 
olution which might later cause rust stains. 

4. In subjecting magnets to the influence of a 60-cycle alter- 
nating magnetic field during the hardening operation and _ later 
magnetizing in the usual direct current field, it seems that the 
bars take a higher Brem (Table V). On the other hand, bars 
quenched in a direct current field and later magnetized in the usual 
vay showed a slightly lower B rem than those quenched without the 
influence of a field. 

5. The Brem of hardened and normalized carbon steels is 
practically the same at a magnetic ratio of 60. The open and 
closed circuit coercive forces, however, show almost a constant 
difference for the different magnetic ratios of the hardened and 
normalized bars. (Fig 10). 

6. In magnets of low magnetic ratio a greater percentage 
of the Brem is near the end of the bar than is the case with high 
magnetic ratios. 

7. The open circuit coercive force of hardened magnet steels 
decrease as the drawing temperature increases. The open circuit 

oercive force of a magnet seems to be just as good an indication 

the condition of the magnet as the closed circuit value and is 

ore easily determined. 

5. The Bren of some hardened magnet steels increases with 
drawing temperature of around 100 degrees Cent. This increase 
probably due to a small amount of austenite (non-magnetic) 
ich draws to martensite (the most permanently magnetic micro- 
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constituent). (Fig. 13). The 15 per cent chromium steel is quite 
resistant to tempering action. As the bars are further drawn and 
troostite begins to form, there is a rapid falling off of B,.. 
At a drawing temperature around 500 degrees Cent. (932 degrees 
Fahr.) there is an increase in B,... for all of the carbon steels, 
tungsten steels and nickel steels tested. ‘The coercive force de- 
terminations also show an increase at this temperature for carbon 
and nickel steels. (Fig. 14). This phenomenon may be connected 
with the temper brittle range of steel. 

9. As a general proposition the higher the coercive force of 
a magnet the more resistant it is to loss of B,... under impact or 
shock. However, cobalt-chrome steel No. 99 has an exceptionally 
large coercive force but under impact has as great a loss of B,.. 
as any of the more common types of magnet steels. (Fig. 15). 

10. In straight carbon steels the coercive force increases 
with carbon content while the B,... decreases for all steels in- 
vestigated. (Carbon 0.70 to 1.20) 

11. As far as the writer has been able to determine, there 
seems to be no appreciable difference in the per cent loss of B .... 
with natural ageing during winter or summer months in Minne- 
sota climate. 

12. The most satisfactory of the treatments given to the 
magnets for permanency was Treatment No. 10 (Table XV, Fig. 
17), which was as follows: 

1, Harden in tap water 

, Magnetize after hardening (unnecessary ) 
, Demagnetize and draw at 100 degrees Cent. for 10 
hours (Bars 10 x 3/8 inches) 

4, Magnetize and quench 10 times in ice water (0-2 de- 
grees Cent.) from boiling water (98-100 degrees Cent. ) 
after holding 5 minutes at each temperature. 

This is approximately the same treatment recommended by Gum- 
lich? and probably similar to the ageing treatment given to mag- 
nets by the manufacturers. 

13. The composition of magnet steel recommended (for open 


or closed circuit magnets) from this investigation is as follows: 
C te Ss = S Cr W Mo Co 


tw DN 


1, Steel No. 99 ...... 86 13 .16 .015 .041 9.31 ... 1.24 13.66 
2, Steel No. 70 ...... SF 74 33 Sl WS 287... om 
3, Steel No. 88 ...... 76 61 .56 .022 .011 0.41 5.08 





sa! 


. Gumlich, Industrie chimique 9, 310 (1922). C. A. 16, 3853. 


* 
= 
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14. In hardening these steels the highest scleroscope hard- 
ness should be obtained. Operation 3 in the recommended treat- 
ment undoubtedly relieves some of the mechanical strain which is 
detrimental to permanency. After all of these operations on the 
magnet, it is still in a condition of unstable equilibrium as far as 
microstructure is concerned, so it is impossible to have an abso- 
lutely constant magnet. 
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Discussion of Mr. Dowdell’s Paper 


CHAIRMAN MERICA: Gentlemen, Mr. Dowdell’s paper is be- 
tore you for discussion. 

A. V. deFOREST: Would the steels which would normally be 
expected to quench to an austenitic condition show a nonmagnetic char- 
acter before the draw? I seem to recollect that the figure that would 
have shown that, gave a constant magnetic property right across to a 
fairly high drawing temperature. Is that a correct impression? 

R. L. DOWDELL: Yes, that is right. High chromium steel had 
about 50 per cent of the number of lines of force that some of the 
best steels had, and seemed to hold that value with cumulative draws 
up to 500 degrees Cent. An all austenitic structure is nonmagnetic. 
he Hadfield high manganese steel seems to be a steel of this type. 

A. V. deFOREST: Then the chrome steel would be a steel which 
would retain that coercive force it had up to a high drawing tempera- 
ture. 

R. L. DOWDELL: It is certainly an ideal steel if you are going 
to heat the magnet. 

A. V. deFOREST: Is there any reason for the austenite in these 
hromium steels to act differently from the manganese steel austenite? 

R. L. DOWDELL: I do not see that there is. There is probably 

this case a small amount of martensite present. The carbon con- 
ent of that steel was 0.11 per cent. In the stainless steels, of course. 
the carbon will run about 0.35 to 0.40 per cent and in this 


case we 
might have a somewhat different condition. 
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PROF. H. M. BOYLSTON: I would like to ask Mr. Dowdell 
he examined these chromium steels under the microscope to determin: 
whether the structure was actually austenitic or martensitic. 

R. L. DOWDELL: These steels are difficult to examine, that 
is, to really check for martensite, because under the microscope there ; 
a large amount of C—T constituent present, which more or less inte 
feres with the martensitic needles, and from all indications, appears t 
be austenite. I have never found a real martensitic structure in an) 


of these steels, that is, where the needles were resolved so one could 


actually say that it consisted entirely of martensite. 
Dr. S. L. Hoyt spoke about that yesterday in discussing one of th: 
papers that was presented. The way he explained it was that austenit: 


seems to go more or less into troostite on drawing, without passing 


through the martensitic state, at least, as observed under the micro 


scope. In other words, we might have a structureless martensite. 
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ELECTRICAL ENERGY ECONOMICAL FOR 
HEAT TREATING 


By E. F. Collins 


Abstract 

This paper reviews in some detail the relative cost 
data in the operation of electric and fuel-fired furnaces 
pointing out that electrical heating is economical and 
comparable to fuel heating. In the operation of fuel- 
fired furnaces much depends upon the operator as to the 
efficiency of its operation. The paper summarizes some 
of the more important features of electric heating which 
distinguish it from fuel-fired equipment, discussing heat 
generation, heat conservation resulting in high thermal 
efficiency and methods of electric heat transmission and 
delivery to charge. 


INTRODUCTION 


Ht’ energy application in furnaces in this country has in 
the past been largely the composite result of promotion and 
advertisement rather than of engineering. We have had fuel oil 
advocates, gas burning experts, powdered coal enthusiasts, fuel oil 
specialists, etc., but we have, until recently, lacked the competent 
furnace engineer familiar with all types of furnaces, who could 
sit as court of appeal and give unbiased decisions regarding the 
true economic value of various heat sources for a specific work. 

To operate a certain process with gas, which might much 
more advantageously be carried out with other forms of energy, 
is not economy, yet many such cases exist today. There are many 
gas devices operating today which should have. long since been 
scrapped in favor of the electrical. 

Many manufacturers, engineers and executives unfamiliar 
with the possible economics of industrial electric heating dismiss 
it from their serious consideration, on the theory that its use is 
expensive and impractical. They reason that fuel furnaces liber- 
te the heat of the fuel directly in the furnace where it is to be 
used, whereas the electric furnace must have its heat units sup- 
plied in form of electric energy. This means that electric energy 
nust be generated from the B.t.u. of the fuel, involving thermal 


A paper presented before the Boston chapter of the Society. The 
ithor, E. F. Collins, is consulting engineer on industrial heating, Gen- 
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losses in transferring (1) the heat energy of the fuel to steam, 
(2) the steam to mechanical energy, (3) the mechanical energy 
to electrical energy. If this reasoning be expressed in figures 
it runs as follows: 

Good coal has a calorific value of 12,500 B.t.u. per pound 
and may be bought for $5 per ton, or % cent per pound. Since 


3415 B.t.u. equals 1 kilowatt hour then it follows that electric 
energy must be had for 


3415 1 1 


——— x — = — cents per kilowatt hour. Hence electric heat 
12,500 4 16 

should be about 16 times the cost of coal-firing, when used in in- 
dustrial furnaces, assuming an average price of 1 cent per kilo- 
watt hour for central station heating power. In the manner that 
this reasoning has been carried out these figures off-hand appear 
correct. 

Contrasted to the above reasoning let us first turn our at- 
tention to the simple and homely smithy forge, with which we are 
all more or less familiar. Investigations concerning the thermic 
efficiency of the forge, which has remained practically unimproved 
in the course of centuries, have shown that the utilization of fuel 
in it is extremely inefficient. Its forge thermic efficiency does not 
exceed 9 per cent, that is, not more than 9 per cent of the fuel 
is converted into useful heat in the metal which is being worked. 
The balance, 91 per cent, escapes in the form of smoke and soot 
through the chimney, warms the work-shop, oft-times to an extent 
far in excess of what is desirable from a hygienic point of view, 
and heats the brick work of the forge, and so on. 

In the metal which is being heated to redness or to working 
temperature, there is, therefore, only 9 per cent of the origina! 
energy utilized. Part of the heat is diverted from the metal due 
to the good conductivity of the metal, and usually the portion which 
it is desired to heat will not be heated uniformly. Also another 
portion is likely to be over-heated because the heating zone ot 
the forge cannot be accurately limited. Exhaustive tests have 
shown that only about 3 per cent of the original energy stored in 
the coal is available for use in heating the desired portion of the 
metal. That is, the entire loss in energy on the old smithy forge 
will show an average loss of about 97 per cent, which practically 
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FOR HEATING 
means that almost the entire bulk of the coal burned is wasted. 

On the other hand, let us consider the heating of steels to 
temperatures around 1600 degrees Fahr. for annealing or harden- 
ing; also to the lower temperatures required for drawing, when 
this heating 1s accomplished through the use of electricity. The 
modern power station today gives a kilowatt hour of electric 
energy for the consumption of about 1% pounds of coal; or an 
efficiency of about 20 per cent. In other words, 20 per cent, 
roughly, of the total energy of the fuel is converted into elec- 
tricity. The electric furnace at 1600 degrees Fahr. when prop- 
erly designed and applied, readily gives efficiencies of 80 per cent, 
which means that we would have effective in heating the metal, 
16 per cent of the B.t.u. in the coal burned by the central station. 

In the case of forging equipments, which have employed elec 
tric heat both in the form of furnaces and in the form of equip- 
ment whereby the forging blank is heated by passing current 
through it, over-all efficiencies of 50 to 60 per cent have been 
realized. At these higher temperatures, say, of 2300 degrees 
fahr., we have. by the electric method, been able to utilize 10 to 
12 per cent of the B.t.u. of the coal burned by the central station. 

When the electric furnace or oven is used for drawing at 
lower temperatures, its efficiency may easily be above 80 per cent, 
and therefore for this lower temperature process the electric heat 
shows very much greater economy than the smithy forge. 

In passing from the smithy forge to the more modern type 
of furnace, it may be interesting to study some efficiencies which 
may be secured in the consumption of fuel by the direct burning 
process, that is, utilizing it directly in the furnace in which the 
material is to be treated, and, on the other hand, burning it un- 
der the central station boiler and finally heating the furnace by 
electric heat properly applied. 

The accompanying charts illustrate what may be accomplished 
in this way, contrasting electricity produced by the central sta- 
tion burning coal, and the oil furnace, burning oil directly in the 
furnace in which material is being heat treated. 

Fig. 1 shows graphically the B.t.u. costs for electric furnace 
ersus oil-fired furnace operation for heat treating. The upper 
large square shows the 20,000 B.t.u. which may be purchased with 

il at 7 cents per gallon. With an oil furnace having an eff- 
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ciency of 16 per cent, which is better than the average, we may 
expect to put 3400 B.t.u. of the 20,000 into the charge. With 
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Fig. 1.—Chart Showing Equal B.t.u. Costs for Electric versus 


Oil-fired Heat Treating Furnaces at 1600 degrees Fahr. Area | 
is Drawn for 7 cent per gallon Oil, Burned in the Oil-fired Furnace 
Direct. Area II is Drawn for $5.00 per ton Coal, Used by the 


Central Station Producing Electricity which in Turn is Used to 

Heat the Electric Furnace. 
coal at $5 per ton, (lower large square, Fig. 1) we may expe 
from the central station to get 1 kilowatt hour from 1% pound 4 
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of coal costing 0.425 cents. Adding the overhead charges of the 
central station we should get about 3840 B.t.u. in electricity for 
1 cent. If we use this electricity in the electric furnace with 80 
per cent efficiency, we will utilize in heating the charge 3400 
Btu. In other words, if we get oil tor 7 cents at the burner 
and coal for $5 at the boiler, we just about break even on the 
3.t.u. cost basis. These figures are for furnace temperatures of 
about 1600 degrees Fahr. 

It is likewise interesting to study the costs for baking enamel 
at 450 degrees Fahr., Fig. 2, in the electric oven as compared to 
the cost of the same operation by a process of fuel heating, name 
ly, the “indirect oil” heating method. In this “indirect oil” bak 
ng process the oil is burned under or outside of a mutfle, air 
heing forced through the muffle and heated to about 800 degrees 
l'ahr. and passed into the japanning oven over the work being 
baked. 


lhe square B, lig. 2, represents the 17,000 B.t.u. cost when 


il is selling for 8 cents per gallon. The efficiency of the oil 
heater 1s 75 per cent and hence 12,800 B.t.u. are sent to the oven 

the heated air. ‘The oven efficiency for this method of heating 

by test, 12 per cent. Hence 1540 B.t.u. at a cost of 1 cent, 
neglecting the overhead cost of burning the oil, are actually ef 
fective in heating the charge. Fig. 3 shows graphically the rela 
tive cost of the upkeep of the electric oven versus the “indirect 
oil” system. Hence later on we must correct for this overhead 
to get comparative costs of electricity versus oil heat. 

Referring again to Fig. 2, the bottom square represents 20,000 
.t.u. in the coal at the boiler of the central station costing 0.425 
cents with coal at $5 per ton. Assuming average overhead for 
the central station, the cost of electricity may be taken at 1 cent 
per kilowatt hour or we get 3840 B.t.u. electricity for 1 cent. Using 
this 3840 B.t.u. in the electric oven we actually utilize 1540 B.t.u. 
n heating the charge, at a cost for power of 1 cent. Hence we 
ee that on a B.t.u. basis we may expect to break even on cost 
when the above conditions exist. ‘These figures have been given 
(o show why the actual test results recorded in Fig. 3 are so great- 

different from the 16 to 1 ratio arrived at by offhand reasoning 
entioned previously. 


It will be seen that actual test results of Fig. 3 are to be 
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expected after analyzing the problem as per Figs. 1, 2 


It is to be noted for example in Fig. 3 that oil costing 8 cents 
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at the burner gives the same over-all cost on the B.t.u. basis that 


electricity at 1 per cent per kilowatt hour gives for heating a 


charge at 450 degrees Fahr. 
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~ 


It must not be forgotten then that the efficient generation 
and utilization of a heat unit is usually quite different for the elec- 


tric and fuel-fired furnace, when we start with the B.t.u. in the 
fuel used in the furnace and under the boiler. It must be re- 
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n Continuous Conveyor Oven—Electric Heat versus Indirect Oil 
Heat This is for 8-Hour Day Operation. 


membered that even with perfect combustion of fuel, which sel- 
dom exists, that a large percentage of generated heat leaves the 
metallurgical furnace as flue gas, without doing useful work. In 
practice 50 per cent excess air is not unusual, and this increases 
flue gas losses and lowers combustion efficiency to a very re- 
markable degree as we pass from low to high temperatures. 


While these illustrations show that there is a field for elec- 
tric heat with present day relative costs between fuel and elec- 
tric heat, it is not intended here to contend that electric heat 
under all conditions and in all places is suited to replace fuel heat- 
ng. It is believed, however, that it is only a matter of a short 
time when the use of electric heat for important thermal and met- 


llurgical processes will be adopted with no more hesitation than 
I 


ww occurs when the householder decides in favor of the elec- 


li 


- st_ of current consumed is greater than the gas. 


ght for his home as against the gas lamp, even though the 





The production manager or executive cares little what the 











TRANSACTIONS OF 
74 AMERICAN SOCIETY FOR STEEL TREATING _ Janua-y 


cost per B.t.u. for a given process is, so long as his over-all cost 
of manufacture, quality of product and working conditions are 
unaffected. As a matter of fact if process conditions, quality 
of product and production were increased by using electric heat, 
he would be justified in accepting generally a higher B.t.u. cost 
for the sake of securing these advantages. Fortunately, for the 
electric heat many such advantages are inherent in its use. These 
will, of course, vary with the application and local conditions sur 
rounding it. Hence a study of all factors involved should be 
made before deciding whether electric heat or fuel heat should 
be used. That these factors are of extreme importance is proven 
by the fact that industrial electric heating is rapidly increasing 
in the face of the widespread misunderstanding as noted in the 
first part of this paper. 

Many times a single factor contributes savings sufficient to 
overbalance any possible higher cost of electric energy. In som 
extraordinary cases, rates of 75 cents per kilowatt hour would stil! 
leave the electrically heated equipment economically superior to 
the fuel-fired. 


PerFect HEAT GENERATION 

It should be noted that the cost of burning fuels varies wide 
ly, depending upon the amount of air admitted to the furnac 
and the resultant combustion, e. g., the cost of city gas for 100,000 
B.t.u. effective rises to double its value with an increase of 50) 
per cent in air, and such excess percentage of air is by no mean: 
rare. Fuel oil likewise increases its cost roughly four times a! 
the same temperature (2800 degrees Fahr.) and the same exces: 
of air (50 per cent). Hence it is seen to how great an extent 
the economic operation of the fuel furnace is in the hands of th 
operator. This handicap does not exist with the electric furnac: 
where the ratio of conversion from power to heat is 100 per cen 
perfect, and the operator cannot affect this efficiency of convei 
sion even if he so desired. 

A brief outline and summary of some of the more import 
ant features of electric heating which distinguish it from fue’ 
fired equipment may be given as follows: 

(1) Heat GENERATION 


a. Released at points to give uniform or nonuniform ten 
perature 
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b. Heat generation balanced against heat absorption 

c. Heat generated at or near potential of heating chamber. 

d. Generated in inactive or dead atmosphere—no_ contami- 
nation of charge. Heating chamber may be a vacuum or 
under heavy pressure. Artificial atmosphere possible as 


hydrogen gas, nitrogen gas, and no combustion gases. 


.) Heat CONSERVATION RESULTING IN HIGH 
THERMAL EFFICIENCY 
a. High heat lagging, no local high temperatures 
b. Small heating chamber and no combustion chamber 
c. No hot gases leaving furnace, save for ventilation when 
necessary 
d. Automatic control of temperature so that supply balances 
demand. 


ad 


Metuop or ELectric Heat TRANSMISSION AND 

DELIVERY TO CHARGE 

a. Convection of liquids and gases (natural) 

b. Circulation of liquids and gases (forced) 

c. Radiation and convection in air 

d. Direct radiation to work 

e. Direct and reflected radiation to work 

f. Heat generated directly in charge by current flowing 
through it 

g. Complete heat saturation of charge without surface over- 
heating, due to perfect automatic heat control. 


HEAT GENERATION IN ELECTRIC AND FUEL FIRED FURNACES 


In the electric furnace, heat generation can be kept nicely bal- 
nced against heat absorption by the charge. The importance of 
is fact cannot be overemphasized, since the problem of heat ab- 
rption is of first importance in all heating, and especially com- 
ustion furnaces. Efficient generation or development of heat 
nits by chemical oxidation means little, unless the B.t.u. released 

in a minimum constant proportion to the B.t.u. absorbed in 

ng useful work. Hence the rate of heat generation and heat 
sorption must be skillfully controlled to guarantee maximum 
rall efficiency. 
To burn fuel correctly is, therefore, only the first step that 
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has an immediate bearing upon practical results, and this funda- 
mental truth should be recognized by all furnace users. All B.t.u 
that fail to be absorbed by the charge are simply wasted, no mat- 
ter how efficient the burners and resultant combustion may be, 
and in this lies a definite handicap if the rate of generation to 
the rate of absorption is not properly governed. 


HEAT TRANSMISSION REGULATED BY CHARGE 


Heat may be likened to a liquid, which tends to flow as does 
water, from a higher level or potential to a lower. This flow is 
resisted more or less, depending upon its method of travel from 
one place to another. It travels by three different means, namely, 
(1) convection, in liquids or gases, (2) by conduction in liquids 
or solids, and (3) by radiation through space or the ether. 

When non-uniform heating occurs for any reason, or from 
any source at different points in a fluid, uniformity of heating 
may or may not be established due to convected currents set up 
in the fluid, due to difference in specific gravity resulting from 
the difference in temperature. Thus, heat itself may establish and 
furnish the motive power for propelling currents of fluid, whicl 
in turn carry and distribute heat throughout the body of the fluid, 
or other forces may act to set the fluid in motion and thus dis 
tribute the heat. In the first case, gravity determines the direc 
tion of currents, whereas, in the second, currents may be mac 
to travel more or less as desired. Hence in general, uniformity 
of heating by convection is made more certain by the second 
method or by continuous agitation of the fluid (usually mechani 
cally. ) 

If the fluid be the product of combustion, as in a fuel-fired 
furnace consisting largely of CO,, water vapor and nitrogen, then 
currents and eddies exist in the combustion chamber, due to 
changes in densities depending in part on variation in tempera 
ture. These gases have a continuous flow, and practical results 
are obtained by removing as much heat as possible from suc! 
streams while they are passing through the furnace to the stack 
This aim is accomplished more or less satisfactorily by furnac: 
designs which allow the charge to be uniformly swept and en 


veloped to the maximum by the stream of hot gases. 
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ELECTRICAL ENERGY FOR HEATING 

Complete and properly regulated envelopment is necessary 
to a uniform and high rate of heat absorption, which is depen- 
dent upon heat conductivity of the charge and the area of sur- 
face contact. If only parts of the body lie in the stream or if 
the streams vary in velocity or temperature, we may expect non- 
uniform heating of that body. It should be remembered that in 
fuel-fired furnaces, especially where forced draught is used, that 
these currents of hot gases have a cyclonic violence and contin- 
uously shift as erratically. 


CONVECTED VERSUS RADIANT HEAT 


Convected heat is deposited at the surface of the body being 
heated. If the body is a solid, then this heat must penetrate that 
body by thermal conduction. Radiant heat, such as may be em- 
ployed in the electric furnace, almost exclusively, has a penetrat- 
ing characteristic that enables it to pass directly into the charge 
more or less without being deposited on the surface, as happens 
with the convected hot gases of the fuel furnace. ‘This- results 
in a more rapid heating and a better or more complete penetra- 
tion or distribution through the charge without excessive surface 
heating. 


HEAT INSULATION—ITs IMPORTANCE IN ELECTRIC AND 
IF UEL-FIRED FURNACES 


Heat must flow into or through a solid against a certain re- 
sistance which is called “the thermic resistance” of the body. As 
in electricity we call low resistance materials “conductors” and 
high resistance materials “insulators,” so in the thermal circuit 
we call materials of low thermal ohms per unit length and cross 
section, “conductors of heat,” while those of high thermal ohms 
per unit length and cross section are known as “insulators of heat” 
or “thermal insulators.” Some heat insulators may be injured by 
low temperatures, while others may be subjected to high temper- 
atures without injury to them mechanically or otherwise. The 
latter class of heat insulators are usually called “heat insulating 
refractories.” Certain refractory materials are also exceptionally 
good heat conductors. Many good heat insulating refractories 
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at moderate temperatures become relatively good heat conductors 
when heated to a considerably higher temperature. In other 
words, many heat insulating refractories possess a high thermal 
resistance when cold and a very low thermal resistance when hot. 
Hence the furnace designer must discriminate and select proper 
heat insulating materials. 

Knowing the thermal resistance of heat refractories and heat 
insulators, we may calculate the heat which will flow into or 
through such a material under any assumed difference in temper- 
ature or thermal potential, as follows: 


oT Thermal Potential Difference 
Het Gully 2 Di 
Thermal Ohms 
Such method allows the selection of proper materials and its 
proper combination to form a simple or composite furnace wall 
construction suited to withstand desired temperatures with a heat 
leakage through the walls which may be calculated with all the 


accuracy that practical considerations require. 


The insulation of heat in the electric furnace becomes im- 
portant because with high heat insulation and perfect conversion 
of heat, the “stand by” loss on the electric furnace becomes a 
fixed minimum for any temperature and constantly corresponds 
to a definite input of electric power, independent of the opera- 
tor. Hence the performance of the electric furnace may be defi- 
nitely and accurately predicted for any load. Due, however, to 
the variable combustion efficiency of the fuel-fired furnace, unt- 
form performance and thermal efficiency is at the mercy of the 
furnace operator, fuel and air supply. 

Many successful working installations of electric heat exist 
today, and it is predicted that many more industrial processes will 
be improved and made more economically productive by the ap- 
plication of electrically generated heat. A considerable demand 
comes from manufacturers of automobile parts, such as gears, 
crankshafts, bearings, axles, etc., which are produced in large 
quantities, and all of which require heat treatment. Many tons 
of steel are heat-treated each day; therefore the demand for fur- 
naces of large productive capacity and high efficiency. 


Electric furnaces have long been recognized as ideal for this 
purpose, but until the last few years they have not been avail- 
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able in such size and of such rugged design that they could be 
considered for carrying unassisted the regular production load. 
Numerous manufacturers now appreciate the possibilities of the 
industrial electric heating field and are making installations at 
an increasing rate. [Equipment is available in practically all ca- 
pacities for temperatures up to and including 1800 degrees Fahr. 
and suitable for many industrial vrocesses. 

A type of metallic resistor furnace entered the industrial field 
in 1917 and 1918, and its use has been attended with unusual suc- 
cess in regular manufacturing production. It was first tested un- 
der the rigorous conditions attending gun-making in war time, 
and the results produced were phenomenal. 


A basic idea incorporated in the design is the location of 
the resistor ribbon, unmuffled, in the open heating chamber so 
that it can directly radiate the heat generated within it. These 
ribbons are very rugged mechanically. Their dimensions are some- 
times as great as 1% inches in width by 14-inch thick and are 
formed into loops. They are supported on refractory insulating 
members projecting from the walls of the heating chamber, the 
body portion of the support being imbedded in the wall. 


The resistor is thus free to deliver its heat by radiation to 
the charge without the necessity of first forcing the heat through 
the walls of a muffle, as has been the practice in most metal re- 
sistance furnaces heretofore constructed. In order to force heat 
through a muffle at a high rate and secure rapid heating of the 
charge, a high temperature gradient, and therefore a high resis- 
tor temperature is necessary. Hence the unmuffled furnace has 
inherently a lower temperature resistor, produces quicker heating, 
and is much less sluggish in point of temperature regulation than 
the muffled or screened furnace doing the same work. The un- 
muffled furnace uses direct and reflected radiant heat. 


A very complete set of tests run on an electric furnace in- 
stallation of the metallic resistor type of furnace gave results 
which may be summarized as follows: 


Heating to 1450 degrees Fahr. Furnaces hot when charged 
'urnaces 6 feet in diameter by 24 feet high, using a voltage of 
40, 60 cycles, and a capacity of 400 kilowatts, were charged when 
ot, being at a temperature of 1450 degrees Fahr. 
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Total Weight Energy in 
Charge Including Holding Kilowatt 
Fixtures Hours 
Twelve 3-in. gun tubes............ 21,900 lbs. 1874 
Seven 4-in. gun tubes............ 22,300 Ibs. 1880 
GR, Ps +o sie skedae cana 21,700 Ibs. 2088 
EE bh as erates ene eae eres 65,900 Ibs. 5842 

; 65,900 . 

Average pounds per kilowatt hour ———— = 11.25 

842 
Kilowatt hours per ton ———— = 173 
11.25 


Energy cost per ton at $0.0085 per kilowatt hour = $1.52 


This shows what may be done with the electric furnace in 
moderate scale operations. The time required to heat these 
charges was 5%4 to 6 hours, and the maximum diameter of forg- 
ings was 16% inches. The furnaces were 24 feet high by 6 feet 
in diameter inside dimensions, the connected load being 400 kilo- 
watts each. The ultimate or minimum radiation from test was 
found to be 70 kilowatts. The predicted radiation from design 
was 75 kilowatts, a satisfactorily close agreement. 


The actual operating results for four furnaces for the month 
of October, 1918, when production was at the maximum rate, in- 
cluding both hardening at 1450 degrees Fahr. and drawing at 
1150 degrees Fahr., was $2.76 per ton based on the power rate of 
$0.0085 per kilowatt hour. 


The specifications for drawing did not allow the charge to 
enter a furnace at full drawing temperature. It was, therefore, 
necessary to cool the furnace somewhat, and then raise the tem- 
perature of the furnace as well as charge. It was also required 
that the charge be held at the drawing temperature for several 
hours. This, of course, did not permit of the highest efficiency 
in pounds of metal heated per kilowatt hour. 


If work at 250 degrees Fahr., to be drawn at 1100 degrees 
Fahr. enters a furnace at 1100 degrees Fahr. a yield of approx- 
imately 24 pounds per kilowatt hour would be realized. This 
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would give: 
2000 


24 


Therefore, the overall operation required for hardening was 


= $4 kilowatt hour per ton for drawing to 1100° F. 


178 kilowatt hour per ton for heating to 1450 degrees Fahr. and 
for drawing was 84 kilowatt hour per ton for heating to 1100 de- 
grees Fahr., making a total of 262 kilowatt hour per ton. 

The cost of $0.0085 per kilowatt is $2.23 per ton. The cost 
of $2.76 per ton actually achieved during the month of October, 
1918, indicates that the furnaces performed exceptionally well. 


Toot Room FURNACES 


There are many small installations, the importance of which 
to many shops cannot be overlooked. There is a large growing 
demand for small self-contained toolroom furnaces for harden 
ing and tempering tools, cutters, etc., and the electric resistor 
furnace is suited to any heating requirements where the charge 
does not require more than 1800 degrees Fahr. Some of its ad- 
vantages over fuel-fired unmuffled furnaces are: (1) radiant 
heat, (2) satisfactory heat distribution, (3) automatic control of 
temperatures if desired, (4) small amount of heat given off to 
the room, (5) no products of combustion or obnoxious gases given 
off to heating chamber or room, (6) ration of heat generation to 
heat absorption by charge correctly maintained, (7) uniform and 
complete penetration of heat through charge without overheating 
of corners, fins or surfaces, (8) ability to repeat desired heat 
cycles giving uniformity of product, (9) a reduction, generally, 
in labor, (10) a better over-all economy and the production of 
higher quality product at the same or slightly higher cost and often 
the same quality at a lesser over-all cost. 

It is not to be inferred that electric heat is without a com- 
petitor in all places and under all conditions. There are, how- 
ever, a very great number of applications which may show elec- 
tric heating to be an advantage. These applications in various 
processes occur with so great frequency that it behooves the user 
‘t furnaces to thoroughly question his engineer concerning the 

ssibilities of electric heating before revamping existing installa- 
tions or adding new heating equipment which employs fuel-fired 
heating methods. 


AUTOMOBILE SHEET STEEL SPECIFICATIONS 
By H. M. Williams 


Abstract 


This paper presents some of the salient factors in 
connection with the chemical and physical specifications 


and inspection of sheet steel for automotive and other 
similar industrial purposes. 


The author indicates that it is important that the 
full co-operation of both the mills and users be attained 
in arriving at standard specifications. The paper dis- 
cusses in some detail, factors such as surface finishes, 


tempers, ability of the sheet to form, and its mechanical 
drawing capacity. 


The author presents the tentative specifications of 
the General Motors Co. on cold rolled strip steel and 
sheet steel. These specifications include the physical and 
chemical tests applied to these materials. 


HE development of specifications for the inspection and 

test of automobile sheets is occupying the attention of 
many metallurgists and engineers. The demand for this class 
of steel has at least equaled the supply, and this situation has 
been a large factor in the postponement of standardization of 
this important automotive structural material. Very great 
losses in unusable stampings and in labor to repair defective 
ones have resulted from faulty or unsuitable material, diffi- 
cult forms and improper die construction. Frequently, a new 
die will not produce a perfect stamping for weeks after it is 
put into commission. Body engineers design parts that are 
very difficult to develop and the die engineer is not consulted 
until the design has been approved. It is then a question of 
finding a quality of sheet that will produce the desired part 
in a certain die; which often makes it necessary for some 
sheet mill to produce a new quality of sheet. At the present 
time, one sheet mill is producing over fifty different kinds of 
sheets varying in surface finish and temper. It is evident 
that this condition of affairs results in a great economic loss 


A paper presented before the fifth annual convention of the Society 
Pittsburgh, Oct. 8-12, 1923. The author, H. M. Williams, is metallurgist 
with the General Motors Research Corporation, Dayton, Ohio. 
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SPECIFICATIONS 


to both producers and consumers. 





Only the full co-operation 
of the sheet mills and the automotive body and parts makers 
can remedy this condition and standardize sheets, design and 
die construction. 


The logical procedure as a first step in the development 
of specifications, is to standardize on a few sheets representing 
the surface finishes required for the various methods of finish- 
ing; then produce these sheets in a limited number of tempers. 
Temper refers to the ability of the sheet to form, such as is 


indicated by deep drawing, extra deep drawing 
to the carbon or alloy content of the sheet. 


>>? 


etc., and not 
Die construction 


must permit of sufficient adjustment to correct for permissible 


leeway in the physical properties of each temper. 


W henever 


a new part is to be produced, the steel can be readily selected 
first from the standpoint of finish and then the temper selected 


by actual tryout of sheets. 


A standard nomenclature will elim- 


inate many trade names that have been given to sheets by 
the manufacturers; the same name often referring to sheets of 


different characteristics if produced by different mills. 
could be 


a classification 


made, 


every 


one 


interested 


would 


If such 


soon 


be familiar with surface finish and temper, and sheets could 


be readily substituted, from plant to plant, or job to job. 


The question of gage of sheets should have consideration. 


thickness should be 
specified in thousandths of an. inch, with permissible tolerances 


Instead of using gage 


within reasonable limits. 


numbers, 


the 


The only legal gage is the United 


States Standard Gage for Sheet and Plate Iron and Steel 
established by act of congress in 1893. This is a weight gage, 


thickness being incidental. 


cubic foot. 


{ 489.6 pounds per cubic foot. 
is no satisfactory standard gage for sheet steel. 


This gage is based upon the 
weight in avoirdupois ounces per square foot; the thicknesses 
is established from this gage are approximate equivalents 
based upon the weight for wrought iron of 480 pounds per 
Since this gage was established, wrought iron 
has almost entirely been superseded by steel with a weight 


It is thus apparent that there 
The mills 


refer to roll steel to decimal rather than to gage numbers. 
ihe thickness of sheets is very important on account of its 


effect in the dies; before the stampings can be made, it is 
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quite often necessary for the sheet metal departments to sep- 
arate the sheets into piles according to their thicknesses. The 
thickness tolerances on the sheets are very often greater than 
can be taken care of by the dies without considerable ad- 
justment. 

’ The difficulties encountered in the production and utiliza 
tion of sheets are numerous and varied. One of the sheet 
mills has a standard form or data sheet which analyzes rejec- 
tions of pickled sheets. On this form, six defects are charge 
able to sheet bars, seventeen to hot rolling, four to pickling, 
eight to cold rolling and three to annealing, making a grand 
total of thirty-eight causes for rejection. Even after a sheet 
successfully passes this ordeal, it may give trouble in the 
stamping operation due to forming qualities, poor surface 
after forming, pulling coarse, stretcher strains, etc. 


Forming qualities are dependent to some extent on the 
surface finish, and particularly on the temper, which is one 
of the most difficult properties to determine. Forming qual- 
ities are determined by actual tests in the dies, this being the 
only reliable method. Such indications as color, gloss, bending 
a corner of the sheet between thumb and finger, doubling en- 
tire sheet, bending test samples over on themselves both ways 
of the grain, tensile strength-elongation, and cupping tests are 
also used with varying degrees of reliability. 

Surface inspection is largely a matter of good judgment 
It would pay every inspection department to send a man to 
the mills and co-operate with the mill inspection. Many 
times sheets are thrown out at the mill for defects that may 
be discarded in cutting out the blank from which the stamping 
is formed. Personal contact and a knowledge of just how 
certain defects are produced will be very enlightening to any 
sheet inspector. 

Surface inspection is largely a matter of good judgment. 
all sheet is more or less subject. This defect produces the 
effect of lines and designs in intaglio and ofttimes is too deep 
to be removed by grinding. This phenomenon is intimatel\ 
connected with slip of the individual grains over or past one 
another. The remedy consists in passing the sheet through 
cold rolls or a roller leveler. The stampings should be made 
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as soon as possible after the sheets have been given this 
treatment; some shops are laid out to pass the sheets through 


a roller leveler and immediately into the forming press. One 


authority states that after the sheet is given the roller leveler 
treatment, it is in a plastic condition which may set in a few 
hours or over night, and unless the stamping is formed before 
this set takes place, stretcher strains will be produced the 
same as before. 

Grain size is a very important factor in the forming qual- 
ity of the sheet. The grain size is governed to a large extent 
by the amount of rolling and the annealing temperature. This 
has been pointed out in detail in a number of published 
articles. 


ScALE Is TROUBLESOME 


Scale is the cause of much trouble as it must be removed 
before finishing. Scale is also very hard on the dies on ac- 
count of its abrasive nature. Dies used in forming scaly ma- 
terial are often fitted with replaceable hardened steel inserts, 
which are renewed when worn. The scale referred to here 
is heavy scale and should be carefully differentiated from the 
very light thin scale, or better, oxide, that is purposely pro- 
duced on high grade sheets. This type of oxide is of miucro- 
scopic thickness and is not broken away in forming. This 
oxide assists in preventing the sheets from rusting during 
transportation and storage. On parts that are finished by 
enameling it is very important that this oxide is not heavy 
enough to produce a dull finish. 


SECONDS 


“Seconds” are a source of much dispute. It is customary 
tor the manufacturers to include up to 15 per cent seconds in 
shipments of high grade auto sheet. These sheets are often 
a dead loss to the body or parts maker, unless some other 
stampings are being made which will permit their use. Often 
the seconds must be used where a cheaper material would have 
been just as satisfactory. 

The sheet steel testing committee of the iron and steel 
livision of the Society of Automotive Engineers have adopted 
program for the investigation of automobile sheet steel. The 
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object is to accumulate data which can later be incorporated 
into a standard specification. This program provides for the 
following tests which deal with the determination of forming 
qualities and temper: Tensile strength and elongation, Olsen 
cup test, Ericson cup test, Rockwell hardness test, scleroscope 
hardness, microscopic and macroscopic examination, chemical 
analyses, and bend test. 

In order to establish a standard nomenclature for auto- 
mobile sheet steels, the General Motors Corporation have 
adopted a tentative specification based on finish and suitability 
for forming certain classes of parts. This specification is 
drawn up with the full co-operation of the sheet mills and 
represents as full a knowledge as we now have. It will be 
noted that no attempt has been made to determine temper and 
forming quality, as no reliable method is as yet available. It 
is hoped in time, after sufficient data has been collected, that 
some means of developing standards for temper can be adopted. 
Cold rolled strip steel tempers have been standardized very 
satisfactorily on the tensile strength-elongation test; many 
plants are now buying on this type of specification. The 
General Motors Corporation tentative specification for auto- 
mobile sheet steel is offered as a basis for discussion and 
criticism. 

Material Specifications for Automobile Sheet Steel 

GENERAL 

1. These specifications cover Automobile Sheet Steel. 

2. These specifications are intended primarily to establish a 
standard nomenclature for Automobile Sheet Steel. 

3. These specifications are not intended to supplant the present 
method of selecting the proper temper and finish by consultation 
between the producer and consumer, but seek to establish a-closer 
co-operation between producer and consumer and should be regarded 
as a means to a common understanding. 

4. The temper and finish required will be designated by name and 
symbol letter; for example specification ““Regular—B” covers Auto- 
mobile Sheet Steel in ““Regular” temper and grade “B”’ finish. Temper 
and finish are described in detail in paragraphs 9 to 11 inclusive. 

5. It is recommended that the temper of Automobile Sheet Steel 
be selected to give the best forming or drawing qualities for the 
work in hand. 


6. Any special requirements, such as oiling, degree of flatness, 
etc., shall be specified on the Purchasing Agent’s order. 





PROCESS 


7. Automobile Sheet Steel shall be made by the open hearth or 
electric furnace process. 








SHEET STEEL SPECIFICATIONS 


CHEMICAL CoMPOSITION 


8. Automobile sheet steel shall conform approximately to the 
following requirements as to chemical composition: 


I 4 «ah an 4 CWE eS & ee eS .05 to .15 
a bedi aas .25 to .50 
Phosphorus, max............... 06 
iO ale iin ks eae aaa we 05 


TEMPERS 
9. Automobile Sheet Steel shall be furnished in the following 
tempers: 
Regular; Deep Drawing; Extra Deep Drawing. 
FINISH 


10. The surface finish of several grades of automobile sheet 
steel shall conform to the following requirements. 


Grade Finish Process Suitable For 
A Smooth - silver, Full acid pickle with | Two coat enamel 
free from oxide. an acid or gas pickle work. 
after the last anneal- 
ing. 
B Smooth _ glossy Full acid pickle (Not | Two coat enamel 
blue edges. pickled after final an- | work. 
neal). 
c Smooth glossy {| Double pickle. Three coat enamel 
blue edges. work. 
D | Smooth semi- | Double pickle. Painted bodies. (No 
gloss. sand-blasting). 
E Smooth dull. Double pickle. Painted bodies. 


(Sand blasted before 
painting). 


F Dull. Commercial Single | Any formed sheet 
| pickle sheets. metal parts, which 
do not require the 
highest finish but do 
require freedom from 
scale on account of 
die wear, such as 
rocker arm covers, 
crank pans, dash 
boards, etc. 

G Dull silver. Commercial de-oxi- | Same as “F’’; must 
dized sheets. be sand blasted be- 
fore painting or en- 
ameling. May be 
substituted in emer- 
gency for grade “‘E”’ 
in which case it may 
require an extra coat 

of rough stuff. 


H Blue Unpickled Open or | Any sheet’ metal 
box annealing. parts, which do not 
require high finish 


and where scale will 
not cause excessive 
die wear, such as 
seat bottoms. seat 
backs which are cov- 
ered with upholster- 
ing, muffler shells, 
etc. 
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11. Automobile sheet steel in grades “‘A’’ to “E”’ inclusive shall 
be free from surface imperfections on one side, and shall have stamped 
on this surface the name of mill and heat number. Minor surface 
imperfections on the reverse side shall not be sufficient cause for 
rejection. 


12. Stretcher strains, pulling coarse and other similar defects de- 
veloping in the fabricating operations are extremely objectionable 
in grades ““A’”’ to ““E”’ inclusive. The producer shall extend every 
effort to eliminate these defects. 


PERMISSIBLE VARIATIONS 


13. The thickness shall be specified in decimals of an inch, and 
shall not vary from that specified on the Purchasing Agent’s orders 
by more than the following amounts: 


— 


Thickness Permissible Corresponding 
Variation Gage No. 
069 OOS 15 
061 007 16 
.055 .007 17 
049 006 | 18 
043 .006 19 
037 .005 20 
035 005 21 
031 005 22 
028 . 004 23 
.025 004 24 | 
021 C04 25 


| 


All dimensions in inches. All variations plus or minus. 


_ 14. The width and length of Automobile Sheet Steel shall not vary 
from that specified more than the following amounts: 


Under Over 
ET at ecclesia Bie ae ae 0 V4 inch 
ee ee 0 2 per cent 


PACKING 


15. Automobile sheet steel shall be packed in such a manner as to 
earns damage in transportation. Grades A to E inclusive shall 
e shipped with stamped side up. 





— 
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SECONDARY HARDNESS IN AUSTENITIZED HIGH 


CHROMIUM STEELS 
By Edgar C. Bain 


Abstract 


This paper consists of a summary of hardness 
measurements made with the Rockwell hardness tester 
on four grades of high-carbon, high-chrome steel with a 
variety of quenches and a series of draws. A fev nucro- 
photographs of the steels at certain characteristic stages 
in their treatments are included to assist in visualizing 
the structural changes mvolved. 

It was found that in the case of all the steels a 
quench from a high temperature produced an austenitic 
state which was permanent at room temperature and 
which rendered the steel quite soft. Reheatmg to 
temperatures of 900 to 1100 degrees Fahr. martensitized 
these austenitic steels and restored the hardness to 
nearly what could be developed in a lower quench. 
Steels quenched for the maxtmum hardness (marten- 
sitic) gradually softened by drawing up to 700 to 890 
degrees Fahr. then more rapidly at higher draws. 

The chrome and carbon content of the steels is as 
follows: 
No. 1 No. 2 No. 3 No. 4 


Ce oo. +b ae 1.82 2.22 1.70 
el eee 1.37 6.09 10.56 15.65 
SUMNER... ccceccess 0.95 


In case of steel No. 1 the secondary hardness 
developed at a lower draw than im the others and in 
steel No. 4, when quenched entirely austenitic the hard- 
ness could .not be materially increased by drawing. In 
none of the specimens could the familiar characteristic 
martensite of carbon steel be discovered when the 
hardness was developed by drawing from the austenitized 
condition. 

Sample tools made from these steels in which the 
secondary hardness had been developed after having 
been quenched austenitic gave results in cutting speed 
between that of carbon steel and high-speed steel. 


A paper presented before the annual convention of the society, 
, October 8-12, 1923. The author, Edgar C. Bain, is research 
tallurgist, Atlas Steel Corp., Dunkirk, N. Y. 
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T HAS been pointed? out that the high-chrome steels ar 

more reluctant to carry out their complete transformations upo: 
cooling than carbon steels—this effect being more pronounced th 
more chromium (and carbon) the steel contains. A rate of cooling 
which would permit formation of coarse pearlite in a carbon stee! 
will likely form very fine pearlite, or perhaps a sorbitic structure 
in the chromium steel; a rate of cooling which would produce fin 
pearlite in the carbon steel will form martensite in the chromiun 
steel and render it very hard. A moderate quench which woul 
produce a hard martensitic carbon steel would render the chromiun 
steel] polyhedral in grain structure and give it the softness of aus 
tenite. When the chromium content is very high (15 to 17 pe 
cent) even an ordinary air cooling of small bars leaves them wit! 
the polyhedral structure, calling to mind Hadfield’s manganes: 
steel. It has been pointed out too, that cooling from highe: 
temperatures seems also to lower the temperature at which thi 
transformations take place. This fact explains the ease with 
which the steel can be quenched and retained in austenitic cond 
tion after heating to near the melting point. When the steel 
is hypereutectoid the further solution of the carbides would tend 
to increase the reluctance with which the transformation take 
place when first heated near the melting point. 


Scott? has stated that the property of secondary hardness i1 
steel involves primarily the production of austenite by the quenc! 
which can subsequently be martensitized by raising the temperatur: 
If the equilibrium temperature for the gamma iron to alpha iro! 
transformation has not been lowered by the alloying elements below 
the temperature at which the metal has sufficient atomic activity 
or mobility to permit the transformation, then the steel will 
general show a secondary hardness. 


In the study* of the remarkable secondary hardness of high 
speed steel it was demonstrated with assurance that much austenit: 
is retained in the material as quenched from about 2250 degre« 
Fahr. and that the secondary hardness is, to some extent at least 
dependent on the amount of austenite retained, and makes its 


1. See Metallography—Metals and Common Alloys, Hoyt p. 373-375. 


2. Scott, Howard, Relation of the High Temperature Treatment of High-Sp 


Steel to Secondary Hardening and Red Hardness. Transactions American Society for St: 
Treating, June, 1921, p. 6511. 


3. Bain and Jeffries, High-Speed Steel, the Causes of its Red Hardness, Iron Ac 
Sept. 27, 1923. i 











1924 HARDNESS IN CHROMIUM STEELS 91 


appearance as this austenite transforms to alpha iron (and 
carbide). It was, therefore, attractive to the author to study the 
nature and the magnitude of the secondary hardness which might 
be developed in the high chrome-high carbon steels which, too, 
may be quenched wholly or partially in the austenitic condition. 
Of particular interest was the temperature at which the release 
of the -austenite retained could be brought about. 


The hardness measurements recorded here are Rockwell ‘“C”’ 
figures and each figure plotted is the average of four closely agree- 
ing measurements. For each of the four steels the hardness is 
plotted against a series of quenches showing us the temperature of 
quench for maximum hardness and the higher temperature at 
which the metal has the softness of austenite. All of the specimens 
quenched were given successive draws at increasing temperatures. 
\s the same specimen was again drawn after measuring the Rock- 
well hardness each time the effect of the reheating is cumulative 
and, therefore, to duplicate the properties in a single draw it might 
be necessary to make some allowance for previous heatings. At 
each drawing temperature the hardness specimens were held for 
me-half hour. To present the observed effect of drawing tem- 
peratures upon the variously quenched specimens graphs are shown 
herewith for each steel in which Rockwell “C” hardness is plotted 
as ordinate against drawing temperature. Only characteristic speci- 
mens are thus depicted so as to avoid confusion in the charts. It 
should be noted that the points charted are merely connected by 
short straight lines which do not necessarily represent what is 
actually happening at intermediate temperatures; for example, the 
sharp maximum in hardness which might be inferred for certain 
drawing temperatures certainly does not exist. 


The four alloys chosen for this study are specially prepared 
steels (of the die steel type) whose analyses are as follows: 


No. 1 No. 2 No. 3 No. 4 
Carbon...... 2.03 1.82 2.22 1.70 
Manganese 1.29 a . 36 oa 
Silicon. ...... .41 son . 50 ane 
Chromium.... Lae 6.09 10.56 15.65 
Tungsten..... 95 nil nil nil 
Nickel. »..... nil nil 03 .02 
Vanadium.... nil nil nil nil 


Phosphorus. . ) 


= 
rm 
nN 


. Less than .( 
Sulphur... .. 
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STEEL No. 1 


This steel is characterized by its approximate content of car 
bon 2.0 per cent, manganese 1.3 per cent, chromium 1.4 per cent 
and tungsten 1.0 per cent. The complete analysis is shown above 
Fig. 1 shows the hardness obtainable by an oil quench at various 
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Fig. 1—The Rockwell “‘C’’ hardness developed in steel No. 1 by various 
quenches in oil, 
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Fig. 2—The Rockwell “‘C” hardness in three specimens of steel No. 1 quench: 
from 1500, 1850 and 1950 degrees Fahr. after various reheats. 


temperatures. Maximum hardness results from a quench fron 
about 1500 degrees Fahr. and the steel is essentially martensit 





with this treatment. A lower quench is somewhat softer due | 
the solution of less carbide, and a higher quench retains austenite 4 
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Fig. 3—Microphotograph of steel No. 1 quenched from 1500: degrees Fahr. for 
maximum hardness. Martensite and undissolved carbide particles. x 250. Fig. 4 
Microphotograph of steel No. 1 quenched from 2000 degrees Fahr. for complete aus 
tenitization without any carbide fusion. x 250. Fig. 5—-Microphotograph of steel No. 1 
quenched from 2050 degrees Fahr. after having been slightly overheated. Carbide areas 

eutectic appearance. Presence of some martensite. x 250. 
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Fig. 6—The Rockwell “C” hardness developed in steel No. 2 by various 
quenches in oil, 
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in amount sufficient to soften the aggregate. Fig. 3 is a micro- 
photograph at 250 diameters of the steel as quenched from 1500 
degrees Fahr. for maximum hardness. From this photograph it may 
be seen that the steel is effective in developing great hardness in 
a structure which lacks the characteristic acicular martensite ap- 
pearance of carbon steel, but resembles more closely the structure 
of hardened high-speed steel. The development of acicular or 
“chevron” figured martensite in this steel is accompanied by the 
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Fig. 8—-The Rockwell “‘C’’ hardness developed in four specimens of steel No. 2 
nched from 1650, 1800 and 2000 degrees Fahr. after various reheats. 


retention of considerable austenite and a softer aggregate than the 
somewhat troostitic structure of Fig. 3. Fig. 4, at the same mag- 
nification as Fig. 3 shows this steel as quenched from 2000 degrees 
abr. to retain it almost wholly austenitic and fairly soft. Even 
heating this steel 50 degrees Fahr. higher suffices to increase the 
amount of the carbide regions and give them the eutectic appear- 
ance as found in white cast iron. This effect probably marks the 
temperature of incipient fusion and certainly is accompanied by 
marked softening in the furnace. Fig. 5 shows the microscopic 
ippearance of the slightly overheated steel after quenching. It can 
be seen in Fig. 5 that even the quench from 2050 degrees Fahr. 
loes not serve to produce perfectly homogeneous polyhedral grains 
t austenite but yields some martensite needles within the grains. 
n Fig. 1, it may be seen that the change in the nature and contour 
the carbide regions has sufficed to give a harder material in 
s highest quench. 


The experiments of drawing these quenched pieces revealed the 
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fact that the austenite retained is transformed into the hard, alpha 
iron condition when heated a little above 600 degrees Fahr., reach- 
ing a maximum in hardness when drawn at about 800 degrees 
Fahr. This condition of hardness is, however, not so intense as 
in the material freshly quenched from only 1500 degrees Fahr 
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Fig. 9—The Rockwell ‘‘C’’ hardness developed in steel No. 3 by various 
quenches in oil. 



















It can be seen from the graph in Fig. 2 that the specimen quenched 
from 1850 degrees Fahr. contains sufficient austenite to reveal a 
very decided increase in hardness with heating to 800 degrees Fahr. 
At above 1100 degrees Fahr. the specimens softened very rapidly, 
their hardness then being in the order of quenching temperature. 


STEEL No. 2 


An inspection of the analyses given above will show that this 
steel is characterized by its high-carbon content 1.8 per cent and 
a chromium content of 6.1 per cent. The hardness curve of Fig. 6 
indicates that maximum hardness is secured by a quench from 1600 
degrees Fahr. However, it is probable that in general practice the 
hardest condition is that of a specimen quenched from 1650 or 
1700 degrees Fahr. Quenching from 1950 degrees Fahr. or above 






yields an austenitic steel composed of only polyhedral grains and 
excess carbide particles. The material when quenched from 1800 
to 1900 degrees Fahr. contains martensite in the polyhedral grains 
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Fig. 1(-—Microphotograph of steel No. 3 as quenched at 2100 degrees Fahr, for 
mplete austenitization. x 400. Fig. 11—-Microphotograph of steel first quenched as 
shown in Fig. 9 then drawn for maximum secondary hardness. 


The series of microphotographs in Fig. 7 show the steel at maximum 
hardness and successively with greater amounts of austenite ob- 
tained by higher quenching up to incipient fusion at the carbide 
regions. 

Attention is called to the grain growth which occurs in the 
heated austenite in these quenching ranges, and also to the eutectic 
structure of the carbide in the slightly over-heated specimen which 
was quenched from 2050 degrees Fahr. 


The marked secondary hardness obtainable with this steel is 
clearly shown by the drawing curve of the specimen quenched from 
2000 degrees Fahr. in Fig. 8. In the austenitic condition it has 
a Rockwell “C” hardness of but 35 while after reheating at 1000 
degrees Fahr. it acquires a hardness of 65. Even the quench from 
1900 degrees Fahr. does not retain sufficient austenite to show any 

ccondary hardness upon drawing. In some examples of the sec- 
idary hardness of this steel the author has found that drawing 
1100 degrees Fahr. develops the greatest hardness which seems 
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‘ Fig. 12—The Rockwell ‘“C’’ hardness in four specimens of steel No. 3, quench: 
from 1600, 1800, 1900, and 2100 degrees Fahr. after various reheats. 
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Fig. 13—The Rockwell “C’’ hardness developed in steel No. 4 by various 


quenches in oil. 





surprising when the amount of softening in hard quenched spec! 





mens at this temperature is considered. 







STEEL No. 3 






Steel No. 3 differs from Steel No. 2 mainly in the increased 
amount of chromium and carbon present, 10.6 and 2.2 per cent, 






respectively. It is distinctly more hypereutectoid on this account, 






but also a very hard dense steel. The hardness curve of Fig. ° 
shows that maximum hardness results from a quench in oil from 
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1800 degrees Fahr. and that the steel is essentially austenitic if 
uenched from above 2000 degrees Fahr. Experiments show 
that in spite of the added carbon there is a higher softening point, 
x point of incipient carbide fusion than in Steel No. 2, probably 
lue to the effect of higher chromium content in raising the melting 
point. The proportion of carbides present can be inferred from 
the microphotographs of Figs. 10 and 11. 
In the chart of Fig. 12 the abrupt and intense development 
secondary hardness is shown for the specimens quenched from 
2100 degrees Fahr. to produce a wholly austenitic structure as 
shown in Fig. 10. It will be seen that the polyhedral condition of 
Steel No. 3 is harder than for Steel No. 2. This may be explained 
by its much finer grain structure due to the grain-growth inhibition 
of the copious carbide distribution and also by the direct effect of 
the undissolved carbide particles acting to discourage slip-plane for- 
mation. It will be noticed that the steel quenched from 1900 de- 
crees Fahr. has a marked tendency for secondary hardness, although 
retaining relatively a small amount of austenite by the quench. 
The development of such considerable hardness by drawing 
at 1000 to 1100 degrees Fahr. in this steel led the writer to suspect 
that in this condition the steel might have properties resembling 
high-speed steel. At any rate, a test would certainly show whether 
great secondary hardness developed at very high drawing tempera- 
tures was accompanied by high-temperature hardness. Tools were 
made for machine work and heat treated as mentioned and tested 
the shop. To summarize, the results indicated that while the 
tool was vastly better than carbon steel in point of speed, and would 
continue easily to cut fairly hard stock at blue heat, yet it was not 
comparable with high-speed steel in very severe duty such as 
machining scaly annealed heavy forgings of high-speed steel. It 
predicted that a steel thus treated for a hardness say of 64-65 
Xockwell “C” would have a much higher impact strength than one 
uencned directly for the same hardness or drawn at a low tem- 
perature, 


STEEL No. 4 
This steel has lower carbon content (1.70 per cent) than 
No. 3 but somewhat higher chromium (15.6 per cent). The 
unt of carbide is only a little less than in No. 3. In heating 





quenching it was observed that higher temperatures could be 
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Fig. 14—The Rockwell ‘“‘C” hardness in five specimens of steel No. 4, quenc! 
from 1650, 1900, 2000, 2100 and 2150: degrees Fahr. after various reheats. 





applied without fusion of the carbides than for any of the othe: 
steels studied. It reaches maximum hardness when quenched in 
oil from 1900 degrees Fahr. and can be prepared essential! 
austenitic by a quench from 2150 degrees Fahr. Fig. 13 show 

the hardness developed by various quenches. 

The steel is sluggish in action when the quenched specimens 
are reheated. The steel at maximum quench hardness does not 
soften rapidly until a temperature of nearly 1000 degrees Fahr. 
reached. And when quenched to retain the steel largely as austenite 
there is very little increase in hardness with drawing temperature 
even up to 1300 degrees Fahr. Fig. 14 shows that the greatest 
secondary hardness is derived from the steel when quenched 
2000 degrees Fahr. a temperature only sufficiently h’gh to retai 
relatively a small amount of austenite. In this respect the stec' 
more closely resembles high-speed steel which shows secondar\ 
hardness when quenched partly martensitic. It appears as if the 
steel requires a few neuclei of iron in the alpha allotropic state 
(martensite) to start the transformation when reheated. 

The following table shows in a condensed manner, the effect 
of quenches and draws upon the steels. 


Temp. for Max. Min. Temp. for Temp. at draw for 


Steel No. Hardness—Degrees Austenite—Degrees Max. Sec. Hardn 
Fahr. Fahr. Degrees Fahr. 
l 1500 1850 800 
2 1650 1950 1000 
3 1800 2000 1000 
4 1900 2100 1100 


It has been the opinion of the author for some time that the 
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study of the phenomenon of secondary hardness in steels other 
than high-speed steel has been in a sense overlooked or neglected. 
[he tests which have been recorded here represent the beginning 
of an investigation to discover if possible whether this treatment 
may develop properties which may be useful to the industry. In 
the meantime accurate knowledge of the behavior of the steels 
undergoing various heat treatments can be gleaned and it may 
perhaps throw light upon more familiar phenomena. 


Discussion of Mr. Bain’s Paper 


CHAIRMAN BOYLSTON: I would like to ask Mr. Bain whether 
is not probable that it is due to the stainless quality of the steel he 
s been testing, that he has been unable to find a suitable etching agent 
at will bring out the martensitic acicular structure? 

rk. ¢C. BAIN: That is a very good question. I contemplated that a 

ne time myself, and I showed no photographs of that last steel because 

was so hard to etch it satisfactorily. We tried various etching reagents 
d some were so power ful that they dissolved the steel rapidly, and those 
reas still etched smoothly, as we have come to believe that austenite does, 
particularly in the 11.0 per cent manganese type of austenitic steel. So I 
think we can be quite sure it was austenite in that case, just like the 
ther. 

\. H. @dARCAMBAL: I would like to ask Mr. Bain what some of 
these different compositions of steel are used for. Are they for any par- 
ticular purpose, or are they simply the result of experimental work? 

iE. C. BAIN: ‘This work was purely experimental. I think some of 
the steels may have good uses, but two were special heats made up after 
the general type of die steels. 

A. H. @ARCAMBAL: It was interesting to note that the micro- 
tructures obtained on the highly quenched specimens, where austenite 

as produced, were very similar to high-speed steel, although high-speed steel 

enched and not drawn, has only a small percentage of austenite present 

this material with apparently the same microstructure, showed nearly 

\00 per cent austenite, indicating that we know very little about these 
croconstituents. 

Ik. C. BAIN: The photomicrographs of these steels, when quenched 
ist a little too low to produce all austenite, might deceive almost 


yone as being photographs of high+speed steel. They are indeed 
nilar. I believe high-speed steel properly quenched is more than half 
tenite. 


\. H. KINGSBURY: Did you supplement your hardness tests with 
tests on the austenitic steels? 

E. C. BAIN: I did not, but I am familiar with the deceptive nature of 
softness of this kind of austenite, and, as I said, the Rockwell in- 
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strument is the ideal one to measure this property. If the material is 
worked, as for instance in a file test, it becomes quite hard, so I suspect 
that is what you have observed; this hardness is quite deceptive. 

A. H. KINGSBURY: The reason I asked that, Mr. Bain, is becaus: 
I happened to be interested in some experiments with a steel like that 
of 10.0 per cent chrome and 2.0 per cent carbon some time ago and what 
appeared to be austenite was produced. We did not have a_ Rockwell 
hardness tester available, but other tests showed the steel attained approxi 
mately 700 Brinell in the quenched condition, where one would expect 
to get a so-called martensitic structure from possibly 1800 degrees Fahr 
When that same steel was quenched from 2150 degrees Fahr. and _ th 
structure examined, it was found to be austenitic or the same as you 
found in steels of similar composition; the Brinell dropped to 350 and 
the scleroscope, to about 60, but there was not a file available with whicl 
the piece could be touched. 

PROF. O. W. ELLIS: Mr. Bain’s remarks with regard to an ex 
planation of the phenomenon of secondary hardness were very interesting 
He takes as an explanation the widely accepted one, of slip interference. | 
am prepared to accept that as a partial explanation of the increase 1 
hardness. Suppose, however, that we take a hard material and precipitat 
a soit substance within it and increase the hardness. I have just re 
cently been performing experiments on Beta brass with the purpose of dis 
covering whether by the precipitation of small particles of Alpha con 
Stituent in the quenched Beta brass I could increase the  hardnes 
of the Beta brass, and, as a matter of fact, the hardness of Beta 
brass can be increased by the precipitation of small particles of Alpha 
by as much as 12.0 per cent. 1 believe on this account, that the large increas: 
of hardness in the case of steel is due mainly to slip interference, but partly 
also to the presence of fine particles, that the fine particles themselves hay 
caused some increase in hardness; that there is something beyond and abov 
mere slip interference that can account for the changes. 

H. P. HOLLNAGEL: I think the answer to Prof. Ellis’ question 
to be found in the intreduction of stranger atoms in the crystal structur 


which in a solid solution, tends to increase the hardness. In the case ot 
“Y” alloys, for example, that has been shown by Rosenheim. 

PROF, O. W. ELLIS: I scarcely think it can be explained on the as 
sumption that a stranger atom is present, because when there are visibl 
particles of Alpha constituent present, the hardness is still increased by 
about 12.0 per cent. It is not until the quenched brass has been rcheated 
for some considerable time that any marked depreciation in hardness i 
noted, Something larger than .a_ stranger atom must, therefore, b 
taken into account, in explaining the increase in hardness. 


H. P HOLLNAGEL: It might not necessarily be just the atom it 


At 


self, but it could well be the interference of a crystal structure of on 
sort with one of another type. It would not necessarily have to be 
random distribution of the atoms, though it is conceivable that this could 
cause hardening. 
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I would like to ask Mr. Bain if Mr. deForest’s magnetic method 
testing hardness might not be a very good scheme for testing hard- 
ss in this particular instance. Where he bases his hardness entirely 

he austenitic “character of the material, it would appear that a mag 
etic test would indicate to advantage the changes obtained. It would 
em that valuable information should be had from this kind of com- 


yrative test. 


E. C. BAIN: Yes, I think we might get some very interesting in 
formation by paralelling these tests with the magnetic test. As I 
nderstand it, however, the magnetic test is so sensitive and such a 
fine tool for measuring changes in state of aggregation that we might 


nd that we were getting differences from the things we are not at- 


Ss 


tempting to control, which would over-shadow those we were attempt 


ng to control. We certainly might run into that difficulty. However, 
| look forward to some very interesting information from that source. 
About the solid solution explanation for hardness, etc., we must 
all times regard the hardness as coming from three distinct sources; 
stranger atom hardness that was spoken of, would operate only 
noticeably in fairly large sized grains of true solid solutions, such as 
have in the austenite grains. This austenite is doubtless harder than 
ure iron. If we could have pure iron in the Gamma condition at 


as 


oom temperature it would probably be a relatively soft material; 
oft as copper, perhaps, certainly as soft as nickel, because the iron 
in is quite similar to the nickel atom and is arranged like the nickel 
m, but the preserved austenite is not that soft, because of the 
reign atoms, chromium and carbon. 
When we first quench a steel for martensite we derive hardness 
rom two sources, first, we have produced an extremely fine grained 
ite structure and secondly, ‘we still have our carbon atoms present 
tfering great resistance to distortion, because of their own force dis- 
rtions. 
With these remarks, I propose we leave all of this discussion of 
) 


irdness to R. S. Archer, who I believe follows me with his splendid 
on hardness that I have already read in TRANSACTIONS. 


S L. HOYT: I wish to advance a word of caution 
re with regard to the naming of the constituent martensite, 
hich is supposed to be responsible for this secondary hardness. | 


ve been pondering over that question for a period of years, as to 


hether or not martensite forms on reheating, and I must confess 
it | have not as yet arrived at any definite conclusion. 
[ have found that on first etching a piece of quenched high- 
ed steel, the structure appears to be austenite, but that by continuing 
etch somewhat longer than would be customary, a typical marten- 
structure develops. 


[n observing the curves which were shown here, I note that the 


ness,—I am referring to the secondary hardness produced by draw- 
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ing the austenitic steels,—never quite reached the hardness of the so 
called, martensitic steels. 

Again, Mr. Bain tells us that he never has noticed the typical aci 
ular structure in the steel which has the secondary hardness, and, as fa: 
as I can see, the whole thing is very similar to the behavior of man 
ganese steel on reheating. 

I have had occasion, elsewhere, to discuss the changes which tak: 
place in manganese steel on heating, and at that time I came to th: 
conclusion that the physical properties, such as hardness and magnetic 
properties, were to be accounted for on the assumption that the con 
stituent which forms is troostite, and not martensite. Martensite 
the name of a constituent which in most circumstances is very well 
defined, and very well understood, and unless it were to be proved be 
yond any shadow of a doubt that constituent which is responsible fo 
secondary hardness actually is martensite, I think we are making 
grave mistake in this society in calling it anything but troostite. W: 
must bear in mind that our publications are read very extensively, and 
if we continue to call that constituent martensite, when evidence 
certainly not clear that it is martensite, and secondly, when ther 
is considerable evidence or at least opinion that the constituent | 
troostite, I feel that we are treading on dangerous ground. 


E. C. BAIN: I want to thank Dr. Hoyt for his discussion. 
purposely mentioned several times that we had not seen anything to i 
dicate that this hard constituent obtained on drawing was marteunsit: 

Since martensite is a structural constituent and not a chemical co: 
stituent, I too, think we must stand firmly on that. ‘As a matter « 
fact, troostite certainly does come closest to fitting the requirement 
of this material resulting from drawing for hardness. 

CHAIRMAN BOYLSTON: Do you infer that when you hav 
the dark acicular crystals present, that they are troostite and not 
martensite? 

FE. C. BAIN: No, when they are mot acicular. I should say w 
have never obtained the acicular structure on the draw and it co: 
forms, certainly, with our conception of troostite more closely thai 
anything else. I would say this, however, that the final answer o 
what the constituent is, when freshly quenched from a high tempe: 
ature, lies with the X-ray examination, and it is a perfect face-centeré 
cubic material, just like that obtained from the specimen while hot 
or from any specimen of iron while heated above the critical rang: 
and exactly like manganese steel quenched so as to preserve the sol! 
ness, and nickel steels too; so there could be no doubt that chromiu 
is a powerful stabilizer of austenite, being the next most effective 
manganese. Just one other word. The specimen made hard in th 
manner, by the high-quench high-draw method, has a great deal hig! 


er impact value than specimens of the same hardness in freshly quench: 
material. 
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1. S. VANICK: I would just like to ask a question in regard to 
he basis for the statement that ferrite is precipitated in the very high 
hromium steels over the tempering range, to explain the maintenance 

softness over that range. It seems to me that steel carries such a 
ry large amount of chromium, which retards the reversal of the 
ransformations to such a great extent, that it starts austenitic and stays 
tustenitic over any ordinary tempering range, and I would question the ex 
lanation of the maintenance of hardness on the basis of the precipi 
tation of ferrite. 

E. C. BAIN: I believe there must be precipitation of ferrite, 
ice ferrite is the only material we know which could gradually in- 
ease the magnetism up to the full value of the ferro-magnetism at 
e end of the draw series. It seems to be the only thing possible 
vhich could do that, and I am quite certain that an X-ray examination 

these progressive draws would show that the amount of ferrite 
vas progressing continually. I know, it did so in the case of high-speed 
eel, and I think we can be quite safe in saying it would be the same 

re, since the magnetism increased progressivly. 

1S. VANICK: Would there be evidence, in X-ray methods of the 
ecipitation of carbides? 

Ik. C. BAIN: Yes, I think there would be; it was so in high- 
peed steel, and I believe it would be here, although the X-ray fails 
pletely on the carbides of the chrome steels 

A. E. BELLIS: Mr. Bain brought up one very interesting, practi 
il point upon which I would like to comment. The point which he 

ought up and which checks my experience is the usefulness of the 
Rockwell hardness tester over the ranges of hardness within which he 
is working. I have done a great deal of work testing the hardness of 
hardened high-speed steel, and I have found the Rockwell hardness 
tester very satisfactory in that respect. 

CHAIRMAN BOYLSTON: We must reluctantly defer further 


liscussion on this paper, but written discussion, is always acceptable 
and welcome. 








TRANSACTIONS OF 
106 AMERICAN SOCIETY FOR STEEL TREATING — January 





The Question Box 


A Column Devoted to the Asking, Answering and Discussing 
of Practical Questions in Heat Treatment — Members 
Submitting Answers and Discussions Are Requested 
to Refer to Serial Numbers of Questions 





NEW QUESTIONS 


QUESTION NO. 107. In the hardening of ten thousand : 
small tools, punches and dies weighing between three and ten 
pounds each what percentage loss due to hardening should be ordi- 
narily expected? 


QUESTION NO. 108. What are the adva' 
advantages in the use of the “drop of the beam” method for d 
termining the elastic limit of a steel tensile test bar? 


QUESTION NO. 109 What are hair-line cracks and how 
may they be detected? 


QUESTION NO. 110. Do notched bar wnpact specime: 
give more uniformly constant results than an un-notched bar? 


QUESTION NO. 111. How ts the reduction of area of 
flat tensile test specimen usually obtained? 


ANSWERS TO OLD QUESTIONS 


QUESTION NO. 69. Is sulphur up to OO per cent deti 
mental to the quality and physical properties of an automotiz 
steel? 


ANSWER. By J. M. Wilson, Philadelphia. 
A sulphur content up to 0.10 per cent is detrimental 
the quality and physical properties of an automotive steel. 
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\ sulphur content as high as 0.10 per cent increases hot 
shortness and causes tearing in rolling or forging. If, how- 
ever, such a metal should be successiully hot-worked, it would 
be a trifle stronger than the same quality of steel with a sul- 
phur content of 0.05 per cent. 







QUESTION NO. 72. What elements are conducive to good 
electric butt-welding of steels? 
ANSWER. 


Research Laboratories, Inc., Long Island City, N. Y. 


















By J. R. Dawson, Union Carbide and Carbon 


The same properties that are conducive to good forge welding 
are desirable in steels for electric resistance welding. The Amer- 


g 
ican Society for Testing Materials Tentative Standards for 1923 
may be referred to for information about steels to be forge welded. 
For best results, these steels should contain less than 0.20 per cent 
carbon and less than 0.60 per cent manganese. They should pre- 


ferably be free from silicon, nickel and chromium. 











QUESTION NO. 73. Does electric butt-welding destroy the 
physical properties developed in a steel which has been heat treated 
prior to the welding operation? 

























ANSWER. By J. R. Dawson, Union Carbide and Carbon 
Research Laboratories, Inc., Long Island City, N. Y. 

In electric resistance welding, the weld is obtained in steel that 
has been brought almost to fusion. This high temperature changes 
the structure and physical qualities materially in the highly 





heated areas, and to an extent in the neighborhood of the weld, 
depending on the temperature attained. 





QUESTION NO. 74. Why shouldn’t a bar of steel rolled 
from a locomotive axle be better than one rolled direct from the 
illet made from the original ingot? 





QUESTION NO. 83. In annealing high-carbon tool steel 


/ 


an open-fire furnace 6’ x 12’ is it likely that sulphur would be 
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imparted to the steel by the use of producer gas made from coal 
unusually high in sulphur, say around 1.50 to 2.00 per cent? 


ANSWER. By J. M. Wilson, Philadelphia. 

Hot steel regardless of its carbon content has a strong 
affinity not only for sulphur but also for carbon and_ phos- 
phorus. The writer recalls a case of sulphur absorption in 
a boiler plate, which on being subjected to a high sulphur 
coal fire during the rolling process, absorbed 14 points of 
sulphur over and above the allowable limit for that material. 
The metal absorption was 50 per cent over the sulphur content 
of the metal. This absorption penetrated '%4-inch in what 
finished to be a %-inch plate. 


QUESTION NO. 93. What are the more common methods 
of quenching ordinary taps? Are they quenched all over and the 
shanks drawn, or are they quenched only on the threaded portions; 
or are both the threaded portions and the tangs quenched, leaving 
the center portion of the shank soft? 


QUESTION NO. 96. Can the structure of a piece of steel 
be determined by the microscope applied to the fracture of a 
cross section, without polishing and etching the fracture, say of a 
stamping die 6 x 2 x 3% inches, that has been hardened and 
broken tn half, that is, are the different structural phenomena 
known as austenite, martensite, sorbite, ferrite, etc., so determin- 


able ? 


QUESTION NO. 98. What heat treatment will give a pure 
martensite structure throughout the hardened area of a piece of 
steel 6 x 2 « 3% inches? 


QUESTION NO. 99. What is the effect of barium carbonate 
and sodium carbonate in carburizing compounds, on alloy carburis- 
ing boxes? 
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QUESTION NO. 100. What action results from the addition 
f varying amounts of aluminum and ferrosilicon to steel while 
asting ? 


QUESTION 102. How can the warping of high-speed steel 
ols be eliminated during the hardening operation? 


ANSWER. By George C. Davis, Heat Treating I quip 
iment company, Boston, Mass. 

The distortion or warping of high-speed steel in heat 
treating may be explained by the same three basic reasons 
as usually assigned in explanation of distortion in carbon steel, 
namely, non-uniform heating, too rapid initial heating and 
quenching. 

Non-uniform heating may best be corrected by the use 

a liquid heating medium or heated bath for obvious reasons. 
(his fact has long been recognized and many attempts have 
heen made to develop a liquid suitable for the conditions 
pplving. Recently such a medium has been developed and 
has shown an ability to accomplish this purpose as well as 
many other desirable benefits. 

Distortion due to too rapid initial heating may be elim- 
nated by controlling the rate of heat penetration and by 
areful pre-heating. Again a liquid heating medium such as 
that already referred to is advantageous, since it automatically 

complishes ‘this purpose. This is due to the formation of a 
im with low heat conductivity over the surface of the bath 
upon immersion. The thickness of this film and therefore 
the rate of penetration allowed, is then dependent upon the 
bulk of the piece and the melting temperature of the medium. 

Distortion due to quenching may be caused by improper 
iandling but it has recently been pointed out that the rate 

heat flow out of the steel, affects distortion in ‘the reverse 

the heating up effect referred to above. The solution, 
erefore, is a quenching medium which wili carry off the 
only just so fast as the steel is able to conduct it through 

lf to the surface. This is accomplished by many today, by 
nching in a heated bath rather than oil or air. If the 
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proper medium is used, the temperature may be controlled 
usually 1100 to 1200 degrees Fahr., so that the piece cool 
uniformly with a rate of heat extraction equal to the cor 
ductivity. Below this temperature the piece may be safely 
cooled in oil. 


QUESTION 103. What ts the effect of clay luting on all; 
carburizing boxes? 


ANSWER. By W. E. Blythe, Driver-Harris Co., Detroit 

Due to the wide variation in the composition of clay 
used for luting carbonizing boxes, it is almost impossible to 
make a general statement that will hold true for all case; 
However, the majority of the luting clays will attack 
nickel-chromium carbonizing box around the’ rim, and _ th 
use of such clays is not recommended. With a specially de 
signed box and cover, it has been found that it is entirel 
unnecessary to use luting clays for sealing the boxes. Such 
boxes have been used by many of the largest heat treating 
plants in the country and it has been found that with thei 
use, luting clays are entirely unnecessary. 


QUESTION 104. In the forging of ring gears, does the num 
ber of blows of the hammer have any effect upon the warpage 
the gear in the hardening operation? 


QUESTION 105. Through what mechanism docs vanadiuii 
retard the penetration of hardness in vanadium steels tn the hard 
ening operations? 


QUESTION 106. What are the effects of the products 
combustion upon both carbon and high-speed steel, when heat 
treated in open furnaces heated with city gas, coal, coke, fuel 


ou, etc? 
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NOTES FROM THE U. S. BUREAU OF STANDARDS 


BrEAKDOWN TEsts OF HIGH SPEED STEEL LATHE ‘TOOLS 


ROGRESS was made during the past month on the third series of tests 

of these steel which is being carried out in co-operation with the 
metallurgical laboratory of the Naval Gun Factory. The previous two 
series were reported at the fourth and fifth annual conventions of the 
\ SS. T.. Two hundred fifty-four so-called “standard” tools have 
heen heat treated. A carbon steel log showing 75,000 pounds pet 
square inch tensile strength has been prepared and is ready for surtace 
machining prior to testing, and in addition some work has been done 
on the preparation of three nickel-steel test logs with tensile strengths 
of 75,000, 100,000, and 125,000 pounds per square inch. Further ar- 
rangements were made with several steel mills covering various alloy 
steel blooms to be worked up into test logs, and one of the seven 
blooms which are to be supplied has already been received. During 
the past month an examination was likewise made of the results of 
the “breakdown tests’ carried out in the second high = speed steel 
investigation, with the object of representing the results mathematically. 
[lt was found that the speed endurance curves for the four commercial 
types of high speed steels were very closely represented by a relatively 
simple equation having one constant. Furthermore, this equation fits 
experimental results published by the Lathe Tools Research committee 
of the Manchester Association of Engineers which are based upon tests 
made under entirely different conditions. These calculations and 
methods will be used in carrying out subsequent tests on the several 


illoyed steels. 


EFFECT OF SEVERE CoLtp ROLLING oF METALS 


Some rather striking and unexpected results have been obtained in 
connection with the Bureau's study of the effect of severe cold rolling 
on metals. In brief, it has been found that when a metal is deformed 
by cold rolling it becomes harder, but if the cold deformation is con- 
tinued without any intermediate annealing, the hardening process 
continues up to a maximum, after which a reversal occurs and the 
metal becomes progressively softer. The microstructural changes are 
iso indicative. During the hardening the identity of the crystals can 
be detected readily although they are distorted more and more by 
inferior “slipping” within the crystals as the deformation increases. 
When all evidence of crystality as judged by the appearance under the 
microscope has disappeared, and the grains have been compressed into 
flat thin “scales,” the hardening ceases and with still further deforma- 
tion, softening occurs. The results so far obtained were presented at 
the recent meeting of the advisory committee on nonferrous alloys and 

re very well received and some excellent suggestions for additional 
work along this line were offered. Additional work now in progress 


will include a study of the possible directional properties of the rolled 
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sheets, i. e., a determination of the hardness of the metal on sections 
perpendicular to the rolled surfaces as well as on the surface itself. 
The possible effect of the heat generated within the metal during the 
severe deformation and its relation to the hardening properties will also 
receive attention. The Bureau plans to study the structural atomic 
changes of the very severe rolled metals by means of the X-ray 


crystallographic method as soon as the necessary apparatus is available 
for use. 


UNIFORM CLASSIFICATION OF IRON AND STEEL SCRAP 


A conference was held at the Bureau of Standards on November 9 
at which the adoption of a uniform master classification for iron and 
steel scrap was discussed. Representatives of many prominent industrial 
associations and government departments were present. The meeting 
was arranged by the Bureau as the result of opinions expressed by many 
interested groups that such a conference ought to be held. G. C 
McClure of the National Association of Purchasing Agents, submitted 
for consideration a classification drawn up by a subcommittee of that 
association. This classification includes six major divisions as follows: 
Specifications covering scrap for use in (1) blast furnaces, (2) basic 
open-hearth furnaces, (3) acid open-hearth furnaces (this scrap being 
of low phosphorus and low sulphur content), (4) electric furnaces, 
(5) gray iron foundries, and (6) bessemer converters. A_ seventh 
classification to include scrap for use in the manufacture of wrought 
iron was considered desirable. It was the concensus of opinion that a 
national classification should cover the material when broken down 
ready for the furnace and should not go into details as to the various 
items composing the scrap. These details should be left to the pur- 
chaser’s selection, according to his individual requirements. The 
discussion brought out the fact that much more work will be necessary 
before the classification can be finally agreed upon. This will be carried 
out largely through correspondence, the Bureau acting as a clearing 
house for the exchange of comment and criticism. The tentative 
classification will be published and circulated among those interested, 
and when finally agreed upon, will be submitted to the Bureau of 
Standards for indorsement as a national classification. 


MEETING OF THE Apvisory COMMITTEE ON NONFERROUS METALS 


The regular autumn meeting of this committee was held at the 
Bureau of Standards, November 16. The large attendance and ex- 
cellent discussion of the topics presented made the meeting one of more 
than usual interest. The discussion covered tentative and proposed 
specifications for nonferrous metals and alloys, new standard samples, 


the effect of impurities on the mechanical properties of bearing metals, 
corrosion of nonferrous metals, electrodeposition, the effect on hardness 
of the cold rolling of metals, aluminum casting alloys, the fatigue 
resisting properties of duralumin, investigation of alloys for dental use, 
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the work of the Bureau on pure zinc in connection with the physical 

onstants of metals, new refractories, molding sand research, tests on 

the tensile properties of nonferrous alloys at elevatetd temperature, 

nercury vapor poisoning in research work, and possible applications 
metal spraying. 


APPARATUS FOR THE STUDY OF THE CORRODIBILITY OF METALS 
In the study of this property of metals, two general methods are 
-vailable. The metal may be subjected to a combination of conditions 
vhich simulate the actual service to which it is to be subjected, or the 
metal may be subjected singly to the various influences, which combined, 
onstitute the service environment. There is now available at the 
Bureau apparatus for a series of different tests as follows: (a) simple 
immersion within a corrosive medium, the temperature of which is 
accurately controlled; (b) repeated immersion in a corrosive medium 
followed by withdrawal into the atmosphere; (c) a modification of (b) 
which permits holding the specimen in the air for a period as long as 
one hour if desired which will allow thorough drying of the surface 
fore it is reimmersed; and (d) exposure to a fine mist of the corrosive 
edium. Apparatus now being developed will permit the specimen 
be subjected to a series of conditions successively, the whole cycle 
ing comparable to the actual atmospheric conditions which the 
material has to withstand. 


RESOLVING POWER oF OPTICAL INSTRUMENTS 


The Bureau has designed an improved apparatus for determining 
ie resolving power of optical instruments, including the eye, under 
varying degrees of illumination intensity and contrast. It is hoped 
that this apparatus will be useful in determining the effects of striae 
n optical glass on the definition of the instrument in which such glass 
may be used, and also in determining the harmful results of known 
quantities of various aberrations present in optical systems. 


1 
+ 


EFFECT OF THE CHARACTER OF STEEL UPON THE RESULTS OBTAINED 
IN CARBURIZING 


Samples of various “normal” and “abnormal” steels submitted to 
the Bureau by different manufacturers have been carburized and ex- 
amined microscopically. The structural characteristics of these carbur- 
zed steels confirm the contention that there is a difference in the 
“carburizing properties” of steels which show but little difference in 
licir composition as ordinarily determined. These differences consist 

variations in the average depth of penetration, as well as in the 

racter of the pearlite. The real significance of the differences, so 
aS commercial practice is concerned, is still a matter of surmise. 
work is being continued, and special attention will be given to the 
rburizing behavior” of a set of irons containing unusual impurities 
h as oxides, nitrogen, etc., in appreciable amounts. 


$u 





I 


TRANSACTIONS OF 
114 AMERICAN SOCIETY FOR STEEL TREATING January 


New GLycerin-WATER QUENCHING MEDIUM 

In connection with the Bureau’s investigation of steels for th 
manufacture of precision gages, an effort has been made to find 
quenching medium intermediate between oil and water. Quenching 
curves were taken of specimens cooled in water solutions of glycerin 
Such solutions fill the gap effectively, so far as the cooling rates at 
high temperatures are concerned. On the other hand, glycerin an 
its water solution cool distinctly faster in the lower temperatur: 
ranges than quenching oil. This appears to be a desirable property 
As a commercial quenching medium glycerin or its water solution 
should not be unduly expensive, for although the first cost is high 
glycerin does not decompose to any great extent on heating, as 
the case with oils. The composition of glycerin water solutions ma 
be easily maintained by hydrometer tests. They do not give off 
irritating fumes and are harmless to the worker, in contrast wit! 
concentrated sulphuric acid sometimes used for this purpose. 


NOTES FROM THE JU. S. BUREAU OF MINES 
MOLYBDENUM AS AN ALLOY ELEMENT 


HAT molybdenum is one of the most powerful and useful alloyins 

elements in steel has been conclusively demonstrated by experiment 
conducted by Dr. H. W. Gillett, chief alloy chemist, Department 0! 
the Interior, at the Ithaca, N. Y., field office of the Bureau of Mines 
While the value of molybdenum as a steel alloy is only beginning t 
be appreciated and its commercial use is still relatively small, t! 
Bureau of Mines considers that it is destined to become widely uss 
as it deserves to be. The United States has abundant supplies ot 
molybdenum which should be available to replace or supplement othe: 
metals used as_ steel alloying elements which at present must 
imported. 

The early claims for molybdenum as a specific against fatigu 
failure of steel, which alleged, directly or by inference, that molybdenu: 
steels were vastly superior to other steels for uses to resist vibratior 
have not been substantiated in the over-enthusiastic form in which th: 
were made. The Bureau of Mines’ experiments show that, with on 
exception, molybdenum steels, and other alloy steels containing nickel 
chromium, vanadium, or a combination of these elements, have equ 
qualities of endurance, and that no one alloy steel stands out abov 
the others on this score. 


The exception is in favor of heat-treated molybdenum steels, 
the presence of molybdenum makes the steel require a higher te 
perature in the drawing or tempering process after quenching, and 
this higher temperature causes fuller release of quenching stresses 
The presence of quenching stresses tends to cause poorer performan 
under repeated vibration. This, however, is not a very great factor, 
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has a noticeable effect only in very hard steels, for example, those 
spring temper. For ordinary structural uses, no alloy” steel 1s 
reciably superior for use against vibration to any other when _ the 

teels are used in such sizes that they harden throughout on quenching. 
\Volvbdenum and certain combinations of nickel and chromium contet 
pth-hardening properties on steel, and hence these have advantages 
for use in parts of large cross section. 

Thus it is evident that, as regards endurance, molybdenum steels 
the equals of any, and on some scores have slight advantages, 
‘ut the advantages are slight instead of large. The choice of a 
composition of an alloy steel will, therefore, seldom depend on its 

fatigue properties. 

(the endurance work of the Bureau of Mines has given results 
vhich in general fit in very well with the recent work of the Engineer 
ng Experiment Station of the University of Illinois, and which indi 
ite that the conclusions of the Illinois investigation may be extended 
to apply to a large range of alloy steels. 

But. besides corroborating and extending the Illinois results, the 
ork of the Bureau has brought out a point which has not been cov 
ed completely by other investigators in this country or abroad, 
though it has been considered to some extent by most workers 

this field. This point is the evil effect on endurance of nonmetallic 
nclusions. Dirty steel gives far less uniform results on endurance tests 
than cleaner steel, and dirty steel is certainly unreliable and unsafe 
here repeated vibration must be endured. 

These inclusions, or other similar inhomogeneities in the metal, are 
obably the cause of many failures in service. From the relationship 
vorked out by the Illinois investigators and others, and corroborated 
the Bureau of Mines’ tests, the endurance properties of any really 

ean steel may be quite safely predicted. But when the steel is 
it clean, it may either give the same results as a clean steel, or far 
poorer results, depending on whether the most severely stressed spot 

a piece made from the dirty steel happens to be locally clean or 

locally dirty. 

The problem of the exact effect of different inclusions or in- 
mogeneities in steel and other alloys, and the larger problem of 

how to produce clean steel and alloys, are of vital importance, and 
volve many factors in the preparation of metallic products, ranging 
om the methods of elimination of impurities from the ores, down 
hrough the smelting of the metals and the melting of the alloys. 
Much scientific data needed for a proper understanding of the problem 
lacking. 

o obtain further information on the effect of inclusions, com- 
isons are being made of endurance tests on specimens cut both 

and across the direction of rolling, since the latter, or transverse 


imens, usually show the bad effect of inclusions and inhomogeneities 
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most markedly. As soon as the endurance tests on the series o/ 
molybdenum, cerium and comparison steels are completed, tests will 
be made on a series of nickel-silicon steels previously made by the 
Bureau of Mines for the Navy, on which tests made by the Navy on 
properties other than endurance are available. The Navy has supplied 
specimens cut both longitudinally and transversely, and the Bureau 
has prepared all these specimens for testing. This work should throw 
some light on the problem of inclusions. But work with inhomo 
geneities such as inclusions in steel is difficult because of the irregularity 
of distribution of the inclusions. 

In order to study the effect of different kinds of inhomogeneities 
in different sorts of alloys, work on certain non-ferrous alloys 
been begun. 


has 


Prior to the fiscal year of 1922-1923 a series of fifty molybdenum, 
cerium and other alloy steels was prepared for comparative purposes, 
in co-operation with the Vanadium Corporation of America, and th: 
Welsbach Company, and the necessary tests, other than endurance tests, 
were made. After these co-operative agreements ended, the Bureau 
of Mines continued the endurance tests in order to make the 
complete. 


work 


Endurance tests are time-consuming, and, save for a short period 
when the machines were out of commission due to a fire which 
aged the laboratory of Sibley college, Cornell university, 
the endurance machines used in this work are located, 


dam 
in which 
two enduranc: 
machines have been run night and day throughout the present 
These machines will continue to run continuously for a 
longer to complete the program. 

Cerium offers no promise of usefulness as an 


yea 
few months 


alloying element 
in steel. Its use tends toward the presence of nonmetallic 
and toward troubles consequent upon this defect. 


inclusions 


Stupy oF GEeEorRGIA CLAYS IN CERAMICS 


Co-operative work between the Department of the Interior and th: 
Central of Georgia railway to determine the value for ceramic use of 
various clay deposits of Georgia has been concluded-at the cerami 
experiment station of the Bureau of Mines, Columbus, O. The work 
was divided into five parts; clay washing; laboratory work on the 
crude and washed clays; manufacture and testing of refractory ma 
terials; manufacture of vitrified face bricks; and 


manufacture otf 
white ware. 


Washing tests on some of the most promising clays were mad 
in the special washer developed by the Bureau of Mines. These tests, 


supplemented by laboratory tests to determine the burning, shrinkag« 


and other properties of the clays, showed that some of the clays wer 


suitable for maintenance of white ware. Others proved to be excellent 


filler material, and the Southern station of the Bureau of Mines is 


using these washed clays in plant practice tests in the filler trade. 
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S 


nace 


aS 


‘< 
e manu 
cordance 
and 
s: for 


bungs 


clays 


roof 


selecte 
facture < 


with p 


of a 


steel-pouring ladles; in boiler settings; 


in 


in 


d 


yf 


lant 
n 


furnaces 


electric 


general 


refractories. 


practice. 


for mak 


fur 


NOTES FROM THE BUREAU OF 


are, if 


These 


nace for 


ing 


tional service in practically all tests. 


Experiments 
hese clays, and present results indicate that a satisfactory product 
be 
tac 


resent in use in the South. 


le 


Semicommercial 


mi 


tory 
i ¥ 


Observations 
let 


“Ss ¢ 


\ ile nt 


+ 
\ 


yla 


l ich 


obtail 


e bric 


are 


Th 


whicl 


1ed. 


k, 


in 


e 


1 


purpose 


type 


progress 


ot 


of 


brick 


to devel 


this work is to produce a 


Therefore, 


malleable 


cannot 











properly 
20 


hi 
melting 


bricks 


face 


yp 


be 


burn to a pleasing buff without checking. 


clays 


sma 


Ri 


tic Cas 


attle 


> 


] 


ding 


this 


or 


il bon 11 
e com 


ed on 


\ 
tl 


or 


In 


ene 
Lit. 


tests 


reduction 


bel 


S 
can b 
ller 


on wh 


“DUCTION 


ma 
t 
tation 


iron, 


a 
ie f 
it 
from 


work 
“on 
bination 
vith 
1e course 


carbon 


of 


These 


cale 


e 


proportion 


ite 


AND 


de 


performed 


the 
nd 


would 


the 


L 


Ol 


molten 


» 


of 


monoxide) 


used 


ware 


in 


carbur1 


findings 


carbon 
iron 


this 


at 
fl 


cla 


tests 
in 
of 


and 


CARBURI 
experi 

by 

Bureau 


zati 


seem 


blast fur 


in 


are 


hace. 


with 


work, 


were 


he 


117 
prepared, suitable 
of a_ selected 


tons 


ive 


steel, 


in 


iron. 


brick 


ide 


two plants show that 


oor-tile 


y is 


electrical porcelain are 


ZATION 


mental 
the 
of 
that 
being 
that it 


on 


iron 
contact 
it 5 


was 


valu 


desirable 


IN 


work 


may 
In 


\ 


be «lies. 


on 


Department 
Mines, 
differ 


led to 
in 
further 
be 


t 
, reducti 


order 


vith soli 


to 


In 


sponge 


of 


certain 
some 
studied. 


possible 


o obtain exact data 
on tests are being 
d carbon and with 


found that 


eless for 


molten iron, but solid carbon dissolved rapidly. 


[’xperimental work on the production of foundry iron from sponge 
in the electric furnace, performed by the Department of the 
Seattle 


th 


technic 


at 


are necessary to determine its commercial applicability. Such 
ocess would find application in melting iron in regions remote 
blast furnaces, or where establishment of blast furnaces would 
mpracticable. Sponge iron was melted in batch runs and con- 
us runs, in various types of furnaces, and under both acid and 
conditions. 
he type of furnace found best fitted for the continuous melting 
nge iron is a deep pit furnace with a single electrode and a 
ting hearth, 


e 


lly, at 


M 


least, 


The main problems solved were: High recovery 


station 


ELTING 


ot 


the pro 


OF 


SPONGE 


the 


cess is 


« 


Bureau 
a 


[RON 


of 


been 


pre 


gases 


MINES 


in Ol 


ceramic 


They 


from 


from 


The bricks dry well and when properly 


several 
wall-tile 
vent 


in 


IRON SMELTING 


the 


conc 


As 


introducing 


Mines, 


success, 


though 


tested 


gave 
certain 


vitreous, 


materials 


checking. 


progress. 


iron 
Interior 


respects 


to produce 


(methane, 


demonstrated 


large-scale 





in 
l-fired 
kilns; 


ex 




























of the 


bodies 


and 

at 
lusions 
from 


a Fo 


carbon 


In- 








TRANSACTIONS OF 

118 AMERICAN SOCIETY FOR STEEL TREATING | Janu 
of iron, clean separation of the slag, obtaining metal of a high-car! 
content, introduction to the metal of silicon and manganese from 
slag to eliminate the necessity of using ferroalloys, and, finally, 
removal of sulphur. In order to produce the best quality of g 
iron, an auxiliary furnace would be necessary to adjust the final c« 
position of the metal. 


SYNTHETIC FOUNDRY [RON 


The feasibility of producing a good grade of foundry iron f: 
steel scrap in the electric furnace has been demonstrated in experime: 
work performed by the Department of the Interior at the Northy 
experiment station of the Bureau of Mines at Seattle, Wash. 1 
development permits any manufacturing plant to use all its iron sc: 
on the spot in making castings equal to if not better than those f: 
cupola iron. Improved methods of charging the 300-pound experime: 
furnace used by the Bureau of Mines gave more rapid carburizatio: 
and carbon contents as high as five per cent were reached. Seve 
heats were made in a l-ton commercial electric furnace of the Heroult 
type, at Hoquiam, Wash., and in a 1-ton indirect-arc, rocking furnac 
a foundry at Detroit, Mich. In every case, these tests were succes 


in producing sound, strong gray iron from steel scrap and 
turnings. 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Steel Treaters 








BEHAVIOR OF MANGANESE IN BASIC OPEN-HEARTH 
FURNACES. By P. Oberhoffer and F. Koerber, in Stahl und Eisen, No. 
43, page 329 (1923). 

This article discusses the subject in detail and gives a number 
of diagrams. 


INVESTIGATION OF THE MANUFACTURE OF MALLEABLE 
IRON. By P. Oberhoffer and J. Welter, in Stahl und Eisen, No. 43, 
page 105 (1923). 

This article gives the results of the investigation of the various 
influences of composition, annealing temperatures and oxidizing ma- 
terial used on the properties of the malleable iron as well as the nature 
of the soft skin formed. 


MANUFACTURE OF CRUCIBLE COMPOSITE STEEL. By 
\. W. F. Green, John Illingworth Steel Co., Philadelphia, in Chemical and 
Vetallurgical Engineering, No. 29, page 59-61 (1923). 

This article states that it is possible to cast crucible steel of dif- 
ferent compositions into the same mold, thus producing a variety of 
composite steels of unique properties. These steels can be made in no 
other way. 


THE IMPROVEMENT OF CAST IRON BY THE ADDITION 
OF NICKEL. By E. Piwowarsky and K. Ebbefeld, in Stahl und Etsen, 
No. 43, page 967 (1923). 

In this article the authors tell how a mechanical betterment of from 
25 to 40 per cent was shown in a high carbon cast iron to which 
uichrome was added. Additions of more than 1 per cent nichrome 
showed no added improvement. With the increase of silicon in the 
cast iron the beneficial effect of nichrome is lost. 


COVERING RAILS WITH MANGANESE STEELS. By Roux in 
Revue de Metallurgie, No. 20, page 490 (1923). 

The above article states that railway switches and diamonds are 
now covered with manganese steel by arc welding with an electrode 
of manganese steel and can be refilled when worn down. Adherence is 
improved by drilling holes at an angle into the rail. A thin layer of 
martensite is formed at the surface of the two metals. 


HEAT TREATING—ITS PRINCIPLES AND _ APPLICA- 
TIONS. By Charles H. Fulton, director of school of mines and © 
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metallurgy, University of Missouri; Hugh M. Henton, consulting metal 
lurgical engineer and assistant professor of metallurgy and mining, Stat: 
College of Washington, and James H. Knapp, furnace engineer, Tat: 
Jones & Company, in Jron Trade Review, October 18, 1923, page 1099. 

The above article which discusses “The Structure of Iron and 
Steel” is part two of a series of eighteen installments, which whe: 
completed, will be a complete treatise on heat treating. The work i 
the result of the experience of the three competent authors. 


X-RAYS IN THE STEEL INDUSTRY. By Dr. Ancel St. Joh 
Union Carbide & Carbon Research Laboratories, Inc., Long Island City 
N. Y., in Jron Age, September 27, 1923, page 820. 

In this article the origin and properties of X-rays are given. Th: 
author discusses the hidden defects in steel and the manner in whic! 


they may be found. He finally tells of the work that has already 
been done. 


HEAT-TREATED STEEL PARTS IN SERVICE. By George Kk 
Elliott, metallurgical engineer, Lunkenheimer Company, Cincinnati, Ohi 
in Jron Age, September 27, 1923, page 810. 

The author in the above article explains the effect of long-tim: 
drawing conditions or further heat treatment under use. He als 
discusses the stability of a steel when heated at different temperatures 


OXYGEN IN STEEL MAKING. By F. W. Davis in Jron Ag 
No. 112, page 734. 

This article gives the results when oxygen is used in the bes 
semer, open-hearth and basic processes, and the respective advantages 


THE KNOWLEDGE OF THE ALUMINUM-ZINC ALLOYS. B 
W. Sander and K. L. Meissner in Journal of the Institute of Metals, No 
29, page 633. 

The above article gives the complete knowledge of the aluminum- 


zinc alloys, and the authors show how their results differ from those 
previously obtained. 


METALLURGY AND HEAT-TREATMENT OF STEEL STAMP- 
INGS. By Ralph H. Sherry, metallurgist, International Harvester Co., in 
Machinery, October 1923, page 105. 

The above is a four-page article illustrated with microphotographs 
showing the difference between low carbon steel and other steels. The 
author points out the causes and effects of grain growth and th 
annealing temperature at which this occurs; maximum elimination of! 
grain growth is also considered. The fuel advisable for annealing 
furnaces is finally discussed. 


GEAR TOOTH GRINDING. By Franklin D. Jones in Machiner) 
October, 1923, page 85. 


The above article gives the various methods and machines used 











IBSTRACTS 





OF TECHNICAL ARTICLES 
this process. The preparation of gears is also discussed. Chis 


\-page contribution and is well illustrated. 


1S 


DURALUMIN. By R. W. Daniels, sales engineer, Bausch Machine 
Company, Springfield, Mass., in Journal of the Society of Automo 
Engineers, November 1923, page 427. 


This paper deals with the developments and advantages of this 


t 


metal and gives its consistency. 


ACCURATE MANUFACTURE OF AUTOMOBILE GEARS. By 
B. Bassoff m Machinery, November 1923, page 209. 

fhe author describes in detail this process of manufacture as well 
the machines used. 

KXAMINES MASS EFFECT ON IRON. By O. Smalley in /ron 


Review, December 27, 1923, page 1724. 
The above article is an abstract of a paper presented at the 
ernational Foundrymen’s congress, held in Paris, September 12 to 
[ests were made to determine the chemical and physical phe 
mena occurring in cast iron as affected by the rate of cooling. The 
verning factors appear to be the pouring temperature and the rate 
filling the mold. 


METALLURGY AND HEAT-TREATMENT OF STEEL STAMP 
‘GS. By Ralph H. Sherry in Machinery, October, 1923, page 105. 
(he above article explains the difference between low carbon 
teel and other steels. The author points out the causes and effects 
: grain growth and the annealing temperature at which this occurs. 
article deals largely with the question of maximum elimination 
grain growth. 


} 


HIGH-SPEED STEEL FOR CAST TOOLS. By J. M. Quinn, 
igo in Iron Age, December 27, 1923, page 1711. 

The author gives a detailed description of the process of making 
ch-speed steel for cast tools. It is a four-page article and is illus- 
ted with photomicrographs of the steel in the different conditions. 


SCIENTIFIC INVESTIGATION IN THE STEEL INDUSTRY. 
P. Goerens, in Stahl und Eisen, No. 43, page 1191 (1923). 
This article states that the iron industry differs from most of 
other chemical industries inasmuch as the chemical processes are 
ially worked out and the reactions known before the process is 
ed on a commercial basis. A history is given of chemical control 
he iron industries and the effect of scientific investigation is pointed 
Definite examples of benefits thus derived are mentioned in the 
ration of various furnaces, regenerators, processes and methods 


+ 


at treatment. 
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Reviews of Recent Patents | 
By ! 

NELSON LITTELL, Patent Attorney 

110 E. 42nd St., New York City 








1,457,718. Electric Furnace. Irving R. Valentine, aasignor to the 
General Electric Co., a corporation of New York. 


This patent discloses an electric arc furnace with the usual refractor) 
lining, having a refractory heat conducting solid body, as for example a 
graphite block, which is located at the top of the charge, or floats upon 
the charge, and arc means for heating said body or block. The furnace 
is particularly adapted for melting low melting point metals such as alu- 
minum, copper, brass, etc. In the use of the furnace the solid block which 
covers the charge is heated by the arc and conducts the heat through the 
block to the charge while at the same time due to the mass of the block 
its temperature is not excessively high so that it does not cause volatiliza 
tion of the charge, as would be the case if the arc played directly upon 
or above the charge. 


1,457,772. Forming and Tempering Disk Wheels. George H. Forsyth 
of Harvey, Il. 


This patent discloses a die for forming disk wheels, comprising a 
matrix or bed and a platen or stamp. Both the matrix and platen are 
hollow and water cooled and are provided with grooves on _ thei 
molding faces through which the water can flow when the die is closed 
Water is continually flowed over the grooves in the face of the matrix or 
lower die. 

In the operation of the die the heated blank is positioned between 
the platen and the matrix and the platen is forced downward to shape the 
blank. Simultaneously with the complete closing of the die, valves in 
bottom of the platen open and permit the water in the hollow platen to 
circulate through the grooves in the face of the platen. Thus when the 
blank is completely formed, water is circulated in direct contact with 
both sides of the blank to cool and temper the same while it is held against 
distortion in the forming die. 


1,457,780. Gas-fired Melting Furnace. Henry O. Loebell, New York, 
N. Y., assignor to Doherty Research Co. of New York, N. Y. 


This patent describes a gas-fired melting furnace for brass and other 
alloys containing easily vaporized constituents. 

The furnace is divided into an upper combustion chamber and 4a 
lower melting chamber by an arch provided with a number of small open 
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es through which the heat may radiate from the upper to the lower 
hamber. The walls of the combustion chamber and the dividing arch 
re heated to incandescence by regenerative gas burners and the heat 
radiated downward to melt the charge below. The gaseous pressure in 
upper combustion chamber is kept higher than the vapor pressure of 
the metal in the melting chamber to prevent volatilization of any portion 
f the charge. 


1,458,568. Method of Producing Rustless Iron Alloy. Wilson Ben- 
net, Wellington, New Zealand. 


This patent pertains to a method of producing rustless iron or stain- 
less steel by developing the same directly from the ores or from scrap 
ron or steel, and consists in partially refining the molten iron, reducing 
the metal oxides of chromium ore and refining the resulting metal in an 
electric furnace by the aid of suitable reducing and refining agents, trans- 
ferring the molten iron and ferrochromium to a separate combination 
arc and resistance electric furnace and subjecting the combined charge to 
a mixing, refining and deoxidizing process at the same time. 


1,459,409. Process of Carburizing Hollow Articles. Harry W. Mc- 
Quaid, Canton, O., assignor to the ‘Timken Roller Bearing Co. of Can- 
ton, O., a corporation of Ohio. 


This invention relates to a process of preventing carburization on the 
interior or exterior of hollow bodies, and dispenses with the practice a 
oating the portion of the article which is not to be carburized with a 
carburization shielding material, by clamping the hollow articles together 
in airtight relation so as to form a tube and then if only the exterior of 
the hollow articles are to be carburized, sealing the ends of the tube, or 

the interior of the articles are to be carburized the exterior of the 
tube of hollow articles is surrounded with a shielding tube and the in- 


terior is of the tube of hollow articles packed with the carburizing ma- 
terial 


1,459,570. Forgeable Steel as an Article of Manufacture. Linus P. 


Burrows, Erie, Pa.. Lena B. Archer, Executrix of said L. P. Burrows, 
deceased. 


This patent describes a forgeable steel which is formed by adding a 
purplish powder produced from nickel ore to a charge of metal scrap in 


, ¢ 


} 
( 


proportions of a half to 10 per cent of the powder, and claims to pro- 
‘uce a forgeable steel capable after being heated to 2200 degrees Fahr. and 
er tempered, of being used as a cutting tool and without further treat- 
nt of being forged. The process of forming the purplish powder from 
kel ore is disclosed in patents 1,424,710 and 1,424,711 to the same in- 


T 
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1,459,910. Method of Removing Rust from Metal Articles. Ju! 


S. Gravely, Wytheville, Va., assignor to Winchester Repeating Arms | 
of New Haven, Conn. 


n 


This patent describes a method of removing rust from metal art 
by immersing or subjecting the articles to the action of the ammon 
salt of an organic acid, for example, a 10 per cent solution of ammo: 
citrate in water. The articles are preferably immersed in the solution 
left there a greater or less time depending upon the thickness of the 
coating; when removed and washed the articles are free from rust 
are not attacked by the solution no matter how long they remain the: 


1,460,048. Electrical Heating Element. Percy A. E. Armstrong, 
Loudonville, and Ralph P. DeVries, Newtonville, N. Y. Said DeVries 
assignor to. said Armstrong. 

This invention relates to a metallic electric resistance material w! 
may be mechanically worked, as by hot or cold rolling, etc., or may 
cast. A preferred composition of the alloy is given as an alloy steel « 
taining 0.05 to 1 per cent carbon, more than 10 per cent and less tha: 
per cent chromium, 2 to 6 per cent silicon, 0.20 to 10 per cent tungsten 
the principal part of the remainder, iron. In lieu of tungsten any ot 
high melting point metal of the sixth group of the periodic table 
cept chromium may be used. 


1,460,049. Workable Metal Article. William B. Ballantine, London, 
England. 


This patent describes a process for forming rustless or stainless s! 
articles which differs from the customary method, in that instead of for 
ing a stainless steel alloy ingot and working it into shape, the inve 
takes a core of ordinary steel and casts upon this core a covering of 
desired stainless steel alloy at a- temperature sufficient to cause the 
and coating to weld. The stainless steel coated ingot is then wor! 
down in the usual manner. 


1,460,106. Electric-Furnace Melting of Manganese Scrap. Wesley G 
Nichols, Chicago, Ill., assignor to American Manganese Steel Co. of Chi 
cago. 


This patent describes the prior methods of melting manganese 
scrap in an arc furnace by bringing the charge cautiously and very g! 
ually to the melting point so as to prevent oxidation of the manga: 
constituent. It then points out that temperature alone does not cons! 
the manganese ingredient but that the oxidation is a surface reaction 
the protracted time of the prior melting processes, exposes a large am: 
of surface during the boiling of the metal so that the manganese los 
relatively high. The improvement consists in charging the scrap 
the furnace and then supplying current to the furnace at an initially | 
wattage to thereby quickly bring the bath to a molten state before ox 
tion of the manganese can take place. 
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1,460,395. Pickling Bath and Process for Pickling Iron and Steel. 
Otto Vogel, of Dusseldorf-Oberkassel, Germany. 


This patent states that when iron and_ steel articles are pickled 
acids capable of dissolving the iron oxide and other undesirable sub 
stances from the surface of the article, the iron becomes brittle, and 
the inventor proposes to prevent this brittleness by adding to the 
pickling acid an aromatic compound in which several carbon atoms 
| of the ring nucelus are united with nitrogen atoms, as for example 
chinoline. Several examples of suitable aromatic compounds are given, 
such as chinoline, chinoline derivatives, acridine, etc. In preparing the 
pickling bath 1 per cent of the chinoline compound is added to the 
pickling acid. 


1,460,790. Welding Rod. James H. Critchett, of Niagara Falls, 
Reynolds, of Scottdale, Pa. 


This patent describes a welding compound or flux useful in re- 
storing burnt tool steel to its original state and for welding steel or 
cast iron. A preferred composition of the compound is oxide of iron 


per cent, black manganese dioxide 25 per cent, and borax 70 per cent 


1,460,790. Welding Rod. James H. Critchett, of Niagarra Falls, 
N. Y., assignor to Union Carbide and Carbon Research Laboratories, 
Inc., a corporation of New York. 


This patent relates to a metal to be used in welding, filling, sheath 
ing and the like, where it is desired that the added metal shall have 
vreat hardness. The patent states that the use of high-carbon steel as 

welding metal of great hardness is unsatisfactory because the increased 
carbon content permits overheating to take place at lower temperatures 
and promotes the formation of blowholes. These disadvantages are 
overcome and a much greater hardness is obtained by the use of a sur 
able quantity of chromium in the welding metal. The carbon content of 
the welding metal is preferably reduced when chromium is used. A 
preferred composition contains carbon 0.5 per cent and chromium 
l.l per cent, 


1,460,830. Metallurgical Process. Herman G. C. Thofehrn, of 


Roselle Park, N. J.; Donald H. McLean, administrator of said Herman 
G. C. Thofehrn, deceased. 


This patent discloses a new alloy for use in scavenging steel, copper, 

The specification states that the use of aluminum alone as a steel! 
ivenger is unsatisfactory because of the aluminum oxide which is 
solved in the molten metal and states that the use of magnesium 
ne gives too rapid a reaction to permit uniform treatment throughout 
mass. These objections may be overcome according to the inventor 
using an alloy of aluminum and magnesium, which may vary from 
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five to fifty per cent magnesium, according to the metal to be treate 






and the speed of reaction desired. The alloy is formed by first meltin; 






the aluminum and then adding the proper proportion of magnesiun 






The metals going into the alloy should be of the highest purity obtain 






able. 









1,460,855. Annealing Box. Irvin F. Lehman, of Pittsburgh, assigno: 
to Blair-Knox Co. of Pittsburgh, a corporation of New Jersey. 






This patent relates to annealing boxes which are made up from shee: 





metal plates united by welding. The object of the invention is to provid 





a box with a smooth exterior so that no projections or shoulders ar 






left to be attacked by impinging flames. This is done by forming th: 






body of the box of one sheet of metal which is bent into a rectangula 





form, with rounded corners, and the ends overlapped and welded. Th 






overlapping ends are brought to a welding heat by the use of a water-ga 





flame and the parts are hammered until a homogeneous weld is mad 






and the excess metal at the joint thoroughly distributed so that in thi 





finished article the joint is of substantially the same thickness as the 






balance of the box. The top or cover portion is shaped from a singk 






piece of metal and welded to the body of the box in a similar manner 






so as to provide a box of substantially uniform wall thickness. 








1,461,178. Alloy. Hugh S. Cooper, of Cleveland, assignor by 
mesne assignments to Kemet Laboratories Co., Inc., a corporation of 
New York. 


The object of this invention is to mix nickel, silicon and aluminum 








in suitable proportions to produce an alloy of relatively low cost,. which 





has a high degree of toughness, is noncorrodible, has a low melting point, 
and is extremely hard at a red heat. The alloy is composed of a pr 
ponderating amount of nickel or cobalt, with from 3 to 12 per cent oi 







aluminum and 3 to 8 per cent of silicon. Molybdenum or tungsten may 






be added if desired. The alloy is produced by weighing out the sp: 





cified amounts of metallic silicon, aluminum and nickel in the form of 






shot and placing the aluminum and silicon in the bottom of th 





crucible under the nickel. The furnace need not be brought to th 






melting point of the nickel, as the combination of the aluminum and 






nickel takes place below that point. 






1,461,444. Magnesia Refractory. Wallace W. Greenwood of Wor 
cester, Mass., assignor to Norton Co. of Worcester, Mass., a corporation 
of Massachusetts. 










This patent proposes to reduce the tendency of magnesia refra 





tories to crack when heated to high temperatures by pre-shrinking th: 





magnesia and bonding it with certain specified materials. In preparing 





the mixture, ordinary calcined inagnesia is fused or sintered in an ele: 






tric furnace, and the magnesia grains are then bonded with plaster-o! 
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is. and clay in the proportions of prefused magnesia 82 per cent by 
ight, plaster-of-paris 3 per cent by weight, and ball clay 15 per cent 


Wwe ight. 


1,461,643. Alloy. Frederick M. Becket, of Niagara Falls, N. Y., 
assignor to Electro Metallurgical Co. of Niagara Falls, N. Y., a corpora- 
tion of West Virginia. 

This patent describes a new alloy for use in purifying iron and 
steel or for forming alloy steels. The claims cover a wide range of 
ertiary alloys of magnesium, silicon and manganese in which the sili- 
on is used in excess of equimolecular proportions to magnesium and 
the manganese is present in lesser molecular proportions than silicon 

on may be present in varying proportions, but is not an essential in- 
sredient. One example of the alloy given by way of illustration, con 
ins magnesium 10.20 per cent, manganese 52.30 per cent, silicon 32.10 


cent, iron 4.50 per cent, carbon 0.30 per cent. 


1,462,460. Heat Treatment of Light Castings. Stanley Apgar, High 
Bridge, N. J., assignor to Taylor-Wharton Iron & Steel Co. of High 
Bridge, N. J. 

This patent states that the decarburization and oxidation of the 
kin of manganese steel chain and other light castings can.be prevented 

charging the castings in a cold state into a furnace heated to at least 
800 degrees Cent. and then heating to the usual temperature for the heat 
reatment of manganese steel and quenching. This treatment can be 

mpleted in about 30 minutes per charge and it not only improves the 


earing properties of the articles treated but also increases their strength. 


1,462,899. Furnace for Melting and Casting. George H. Benjamin, 
New York, N. Y., assignor to Anatmos Metals and Furnace Corp. of 
New York, 

This patent describes a furnace for melting and casting metals on a 

rge scale in a substantial vacuum so that the gases developed in the 
melting will not be reabsorbed in the metal. The furnace comprises 
long tunnel or kiln which is substantially air tight. One end of the 
in is devoted to melting and the other to casting, and the furnaces 
re moved from one end to the other and poured by means controlled 
trom the outside of the kiln. The inventor prefers to use tilting elec- 
furnace for the melting and casting. 


1,464,312. Electrical Resistance Element. Frank A. Fahrenwold, 
Cleveland, O. 


This patent describes an alloy having a high coefficient of electrical 
tance, and highly resistant ‘to corrosion either by the high tem- 
ture or chemical effects of the electric current. The preferred com- 
tion of the alloy is iron 78.9 per cent; chromium 18 per cent; titan- 
es 


per cent; manganese 0.5 per cent, and carbon 0.10 per cent. 
conlum may be substituted for titanium if desired. 











TRANSACTIONS OF 
AMERICAN SOCIETY FOR STEEL TREATING — Janua 


News of the Chapters 


SCHEDULED REGULAR MEETING NIGHTS 


OR the convenience of visiting members, those chapters havi: 

regular meeting nights are listed below. It is desired that all se 
retaries whose chapters are not included in the list communicate wit 
the National office in order that the list may be as complete as possib! 

Boston—Third Thursday. 

Cleveland—Fourth Friday, Cleveland Engineering Society rooms, H: 
tel Winton; meeting at 8 p. m. 

Chicago—Second Thursday. 

Hartford—Tuesday nearest 10th of month, 

New Haven—tThird Friday. 

New York—Third Wednesday, assembly room, Merchants Associ 
tion of New York, ninth floor, Woolworth building. 

Philadelphia—Last Friday, Engineers’ club. 

Tri City—Third Thursday. 


BOSTON CHAPTER 


HE December meeting of the Boston chapter of the America: 

Society for Steel Treating was held on Thursday, Dec. 13. Th 
meeting was opened at 3:30 p.m. and took place at the plant of Gra) 
& Davis, Inc., Cambridge, Mass. The members and guests, numbering 
about 85, were taken through the entire plant, which was in full op 
eration, thus affording an opportunity to see the many types of machines 
of particular interest to those individuals interested in die and press 
work. After the inspection the guests were given a very excellent 
supper. 

C. H. Alvord, factory manager of the plant, expressed his interest 
in the work of the society. G. C. Howard, maintenance engineer, ga\ 
a very interesting article on “‘Cyaniding of Steel.” Mr. Howard ga\ 
a detailed report of the method of cyaniding used at this plant, types 
of salt baths tried, kinds of pots used and the results obtained. S. | 
Spalding, Halcomb Steel Company, Syracuse, N. Y., addressed th 
members and guests by an illustrated lecture on “The Comparison 0! 
the Rate of Penetration on Various Steels in Carburizing.” Mr. Spald 
ing gave a short outline of the different methods of carburizing and 
description of the means used in carrying out their test, illustrated 
in detail with slides and curves. This paper was very well receiy 
by the members. 

Announcement was made that the next meeting, scheduled for Jan 
17 will be held at the Massachusetts Institute of Technology. 
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BUFFALO CHAPTER 


Che Buffalo chapter of the American Society for Steel Treating 
eld their first meeting of the season on Dec. 14 at the Hotel Buffalo. 
he program for this evening consisted in the presenting of three papers 

tool steel. The first paper entitled “The Application of Tool Steels 

the Manufacture of All-Steel Cars,’ was given by F. J. Lazure, local 
neineer, American Car & Foundry Co., Buffalo. The second paper 
. Hans Buerk, Buerk Tool Works, Buffalo, was entitled, “The 
Relation between Tool Hardening and Tool Design and Manufacture.” 
Reminiscences in the Manufacture of Crucible Tool Steel,” was the 


title of the third paper and was presented by J. E. Sandmeyer, Atlas 


Steel Corporation, Dunkirk, N. Y. The chapter has planned an ex- 


lent program for the year, and announce that each meeting will be 


devoted to one general subject. They plan to have three or four 15 to 
20-minute talks at each meeting, thus covering the practical application 


the topic, the fundamental bases and the manufacture of the materials 


scussed. In this way, the chapter expects to increase its membership. 


CHICAGO CHAPTER 


The Chicago chapter of the American Society for Steel Treating 
held their December meeting on Thursday, the _thirteenth, at the City 
club, 315 Plymouth court. W. R. Chapin, director of testing depart- 
ment, E. C. Atkins Company, Indianapolis, Ind., presented a practical 
illustrated paper entitled. “Some Observations in the Hardening of 
Steel.’ Mr. Chapin has had many years experience and consequently 
vave a very capable presentation. 


CINCINNATI CHAPTER 


The Cincinnati chapter of the American Society for Steel Treating 
held their regular monthly meeting on Dec. 13 at the Ohio Mechanics 
nstitute, Canal and Walnut streets. The paper of the evening was 
presented by T. Y. Olsen, vice president, Tinius Olsen Testing Machine 
ompany, Philadelphia, and was entitled, “Testing Equipment Devel- 
ped for the Use of Metallurgists and Steel Treaters.” Mr. Olsen 
ho is well known, has been directly connected with the design and 
anufacture of testing and balancing machines and their equipment. 
lively discussion following his presentation. 


\ 
\ 


CLEVELAND CHAPTER 


Uhe Cleveland chapter of the American Society for Steel Treating 
a meeting on Friday, Dec. 28 at 8:00 p.m. in the Cleveland En- 
eering Society rooms, Hotel Winton. “Specifications and Inspection 
Raw Materials” was the title of the general subject upon whick 
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discussion of various subdivisions was given in the form of short tall 
by various members of the chapter. ‘Steel for Automatic Machi: 
Work” was discussed by D. M. Gurney, Warner & Swasey Compan 
“Carburizing Steels” by C. F. Beeler, Cleveland Metal Treating a: 
Welding Company; “Strip Stock for Tubing” by M. L. Burchfield, Rot 
Pneumatic Company; “Structural Steels” by Harry Smith, Bourn 
Fuller Company; “Forging Steels’ by R. Rolf, Columbia Axle Con 
pany; “Spring Steel” by C. G. Shontz, Perfection Spring Company; a: 
“Tool Steel” by A. S. Townsend, Cleveland Twist Drill Company 

Dinner was served at Hamilton’s restaurant, at 7:00 p.m. preceding 
the meeting. 


Printed announcement has been made of the course to be 


in the practical heat treatment of steel, under the auspices of 

Cleveland chapter of the American Society for Steel Treating, at Cas 
School of Applied Science, Department of Metallurgy, under the dire: 
tion of Prof. H. M. Boylston. ‘This course is for the purpose of giving 


elementary instruction in the principles of practical heat treatment 
It consists of a series of twenty evening lectures, one hour in length 
and two hours of laboratory demonstrations each evening in addition 
The following subjects will be covered: Principles of Heat Treatment: 
Equipment; Forgings; Case Hardening; Applicd Heat Treatment; 
Metallography, and Physical Tests. These lectures will be given )b) 
Professor Boylston, members of the faculty of Case school and )by 
certain members of the American Society for Steel Treating who ar 
specialists in the subjects they will cover. 

A small fee for the course including the laboratory demonstra 
tions will be charged. Information regarding this course may lh 
obtained from Prof. H. M. Boylston, Department of Metallurgy, Cas 
School of Applied Science, Cleveland, or any of the officers of th 
Cleveland chapter of the A. S. S. T. Enrollments accompanied by 
tuition fee will be accepted by Professor Boylston at any time befor: 
the first meeting, which is to be held on Friday, January 18. 

This course is open to all interested in- Cleveland and vicinity and 
especially to the members of the American Society for Steel Treating 


DETROIT CHAPTER 


On Nov. 26, the Detroit chapter of the American Society fo 
Steel Treating held a meeting at Palestine Lodge house at 8:00 p.m. 
preceded by dinner at 6:30 p.m. Prof. H. E. Moore, University 0! 
Illinois, Urbana, Illinois presented a very interesting illustrated lectur« 
entitled, “Fatigue of Metals.’”’ Professor Moore is an authority on this 
subject and his address was very well received. An interesting discus 
sion followed the presentation. 

The chapter held a meeting on Dec. 17 at 8:00 p.m. in the General 
Motors building. This meeting was in the form of a round table dis 
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ussion of heat treating troubles. The following members led in the 
discussions: C. N. Dawe, Studebaker Corporaton; H. Martin, Dodge 
Bros.: H. Northrup, Hudson Motor Car Corporation; and Glenn Coley, 
limken Detroit Axle Company. 

Dinner was served at 6:30 on the fourteenth floor of the General 
Motors building. 


HARTFORD CHAPTER 


The Hartford chapter of the American Society for Steel Treating 
held a meeting on December 11. This meeting was addressed by 
Prof. W. Trinks, Carnegie Institute of Technology on the subject 
of “Automatic Control of Furnace Temperatures and Atmosphere.” 
Prof. Trinks described the various types of control devices now on 
the market for the purpose of automatic temperature control when 
using gas or oil, explaining that that has been an achievement made 
necessary by the more widespread use of electric furnaces with auto- 
matic control devices, permitting the easy maintenance of constant 
temperatures. This lecture was illustrated and aroused considerable 
interesting discussion. Two national officers, W. H. Eisenman and 
W. S. Bidle were also present at this meeting, which was very well 
attended Dinner was served preceding the meeting. 


INDIANAPOLIS CHAPTER 


The Indianapolis chapter of the American Society for Steel 
lreating held their November meeting at the Hoosier Athletic club. 
L. C. Dunn, Montgomery Chemical company, Detroit, gave an address 
entitled, “Carburizing Methods and Uses.” This meeting was well at- 
tended and was considered the best meeting the chapter has_ had. 


LEHIGH VALLEY CHAPTER 


The fall meeting of the Lehigh Valley chapter of the American 
Society for Steel Treating was held on December 7 at Easton 
public library, Easton, Pa., at 8:00 p. m. This meeting was addressed 
by Dr. Richard Moldenke on the subject: ‘Metallurgical and Other 
Observations Made During a Recent European Journey.” 

Dr. R. Moldenke is one of the most prominent foundrymen in 
the world. He has been a moving spirit in the American Foundry- 
men’s association and is a member of all the leading technical societies. 
Among other works from his pen are “Principles of Iron Founding” 
and “Practice of Iron Founding.” These books are the standard au- 
thoritative works on iron foundry practices. 

He has traveled extensively and has recently returned from a trip 
ugh England, France, Germany, and Italy. 
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After a previous trip to Germany he spoke betore the Engineers 
club of the Lehigh Valley and our chapter on January 19, 1922, an 


his reminiscences of personal contacts with the leaders in German 
made this one of our most interesting meetings. 


MILWAUKEE CHAPTER 


On Friday, December 14, the Milwaukee chapter of the America: 
Society for Steel Treating held a meeting at Hotel Blatz. E. W. Eh: 
metallurgist, Timken Roller Bearing company, Canton, O., spoke to th 
members on the subject of “Carburizing.”” Mr. Ehn, who has had a nun 
ber of years of experience on this subject, gave a very capable presenta 
tion, after which an interesting and instructive discussion § ensue 
Dinner was served at 6:30 p. m., previous to the meeting. 


NEW HAVEN CHAPTER 


The New Haven chapter of the American Society for Steel Treat 
ing held their November meeting on the sixteenth of the month at 8:00 
p. m. in the assembly room of the New Haven Gas Light compan, 
The speaker for this meeting was H. M. Candee, mechanical expert 
Bristol company, Waterbury, Conn., who spoke on “Automatic Control 
as Applied to Modern Heat Treating Departments.” 

The chapter held a meeting on December 21 at the same meeting 
place. Joseph A. Doyle, vice president, W. S. Rockwell company, Nev 
York City, presented a very interesting article on “Selection of Tools 
for Industrial Heating Operations.” Mr. Doyle discussed the principl 
governing the selection of heat treating equipment. The subject was 
also considered from the standpoint of the shop and not merely fro 
the standpoint of the office where selection of equipment is frequent] 
made without regard to fundamental essentials that would be bette 
appreciated from the shop point of view. The meeting was vei 
well attended. 


NEW YORK CHAPTER 


The New York chapter of the American Society for Steel Treatins 
held their regular monthly meeting on Wednesday, December 19 
8.00 p. m. in the assembly rooms of the Merchants’ Association o 
New York, ninth floor of Woolworth building. This meeting was ac 
dressed by Stanley P. Rockwell, consulting metallurgist, Hartfor 
Conn., on “Measurement of Carbon Penetration in Carburized Steels, 
which was illustrated by lantern slides. Dinner was served at 6:3 
p. m. at the Post-Keller restaurant. 

The chapter has announced that their next regular meeting w'!! 
be a joint meeting with the New Jersey Chemical society and will 
held on Monday, January 14 at the Stetter restaurant, Newark, N. 
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NORTH WEST CHAPTER 


The regular monthly meeting of the North West chapter of the 
\merican Society for Steel Treating was held on December 15 at 
3:00 p. m. at the Manufacturers’ club, 100 Builders Exchange. E. W. 
Ehn, metallurgist, Timken Roller Bearing company, Canton, O., ad- 
iressed this meeting, choosing for his subject “Case Hardening,” which 
neluded the selection of materials, proper processes, and the influence 

certain improper treating of steel on the final result. Mr. Ehn, 
ho has had extensive and varied experience on this subject, which 

of keen interest, gave a very capable presentation. The meeting 


vas well attended. 


PHILADELPHIA CHAPTER 


The Philadelphia chapter of the American Society for Steel Treat- 
ng held a meeting on Friday evening, November 30 at 8:00 p. m. at 
the Engineers’ club. “The Heat Treatment of Cast Iron” was the 
subject chosen by the speaker, Bradley Stoughton, professor of metal- 
lurgy, Lehigh university, who is the author of “The Metallurgy of 
[ron and Steel.” By the courtesy of the Clark Equipment company, 
Buchanan, Mich., a motion picture was shown on the following subject, 
The Electric Furnace in the Steel Foundry.” This was a vivid and 
torceful presentation of electric foundry practice showing the use of 
Heroult electric steel furnaces in the production of cast steel disk 
motor truck wheels used in Packard, Kelly-Springfield, Fifth Avenue 
Coach, Nash, ete. Dinner was served at 6:45 p. m. in the club 

ing room. 


PITTSBURGH CHAPTER 


lhe Pittsburgh chapter of the American Society for Steel Treating 
a meeting on Tuesday, December 4 at 8:00 p. m. in the Hawaiian 
om, William Penn hotel. The speaker for this meeting was C. P. 
ichter, Central Steel company, Massillon, O., who gave a very inter- 
ting illustrated address entitled, “The Manufacture of Forging 
Steels.” A lively discussion followed the presentation. Supper was 


ved at 6:30 in the cafeteria of the William Penn hotel. 


Id 


RHODE ISLAND CHAPTER 


On Wednesday, December 19 at 8:00 p. m., the Rhode Island 
‘ter of the American Society for Steel Treating held a meeting 
2 Weybosset street. The speaker for this evening was H. O. 


ell, combustion engineer, Combustion Utilities corporation, New 
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York City, who addressed the members on the subject of “Develo 
ment and Possibilities of the Application of Gas in Industrial Fu 
naces.” Mr. Loebell is a recognized authority in the combustion fie! 
having organized one of the first concerns devoted to the manufactu: 
of efficient industrial gas appliances. He took an active part in t! 
designing and developing of a gas-fired brass melting furnace. 

Under the auspices of the Providence Gas company a demonstra 
tion and exhibition was given of fifteen furnaces in actual operation 
together with all makes of automatic controls. 

This meeting was considered the best that the chapter has had 


SCHENECTADY CHAPTER 


The Schenectady chapter of the American Society for Steel Treat 
ing held a meeting on Tuesday, November 20 at Union college. Prot 
Enrique Touceda, who was guest of honor and speaker of the evening, 
is professor of metallurgy, Rensselaer Polytechnic institute and con 
sulting engineer, American Malleable Castings association. Professor 
Touceda gave a technical talk on the “Malleable Iron Process” which 
was well diversified and covered points of general metallurgical interest 
A lively discussion followed the very capable presentation. 


SOUTH BEND CHAPTER 


The South Bend chapter of the American Society for Steel Treat 
ing held a meeting on Wednesday, December 19 at the South Bend 
Y.M.C.A. The program for this evening consisted of two papers 
being presented, one by E. J. Lowry, Hickman-Williams company, 
entitled, “The Relation of the Blast Furnace to the Steel Industry” 
and the other by V. A. Crosby, Studebaker corporation, on “Foundry 
Practice.” This meeting was very well attended and proved of great 
interest to those connected with iron and steel. 


SPRINGFIELD CHAPTER 


The Springfield chapter of the American Society for Steel Treating 
held a meeting on Tuesday, December 18 at 8:00 p. m. in the 
Chamber of Commerce rooms, Myrick building. This was a _ general 
get-together meeting with an informal round table discussion lead by) 
some of the members of the chapter. 


ST. LOUIS CHAPTER 


On November 17, the St. Louis chapter of the American Societ) 


for Steel Treating held a meeting at the American Annex hotel. A 
detailed report of the Pittsburgh convention was given by Messrs 
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Clark, Pendergast, Swander and Buck, delegates of the chapter. <A 
ound table discussion followed. Dinner was served at 7:00 p. m. 
preceding the meeting. 

The chapter held their December meeting on Monday, the seventeenth 
of the month at 8:00 p. m. at the same meeting place. The program 
for the evening consisted of the presentation (through the courtesy 
of the Bethlehem Steel company) of a 5-reel motion picture and 
general talk on “The Manufacture of Steel and Steel Products, In- 
cluding the Mining of Ore.” There was also a short illustrated talk 
given on “Mayari Pig Iron.” A _ get-together dinner was served at 
6:45 p. m. 


SYRACUSE CHAPTER 


The Syracuse chapter of the American Society for Steel Treating 
held a meeting on December 7 at the Onondaga hotel. R. A. Cole, 
engineer, Norton company, Worcester, Mass., addressed the members 
at this meeting, choosing for his subject, “The Grinding of Steel,” 
which was illustrated with stereopticon slides. This meeting was of 
special concern to those interested in the subject of abrasives. 


TORONTO CHAPTER 


The Toronto chapter of the American Society for Steel Treating 
held a meeting on Friday, November 30 at 8:15 p. m. in the Day 
building. E. F. Collins, consulting engineer, industrial heating depart- 
ment, General Electric company, Schenectady, N. Y., addressed this 
meeting on the subject “Past, Present and Future of the Metallic 
Resistor Furnace.” This lecture was followed by the presentation 
of lantern slides showing the various applications of this type of 
furnace. Mr. Collins is an outstanding authority on the above subject 
and his presentation was given in a very capable manner. 





TRI CITY CHAPTER 


The regular monthly meeting of the Tri City chapter of the 
American Society for Steel Treating was held on November 15 at the 


Davenport chamber of commerce at 8:00 p. m. H. Bornstein, secre- 
tary 


H 


of the chapter gave a short talk on the Pittsburgh convention. 
announced that it was the decision of the national officers to hold 
spring sectional meeting in the Tri Cities on May 22 and 23, 1924. 
speaker of the evening, T. Y. Olsen, spoke to the members on 
use of testing machines, illustrating his lecture with lantern slides. 
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His presentation was very interesting and brought forth much di: 
cussion. A. H. Putnam lead in a round table discussion which coy 
ered the subject of “The Heat Treatment of Cast Iron.” Dinner wa 
served at 7:00 p. m. preceding the meeting. 

The chapter held their December meeting on the twelfth of th 
month at the same meeting place. E. W. Ehn, metallurgist, Timke: 
Roller Bearing company, Canton, O., addressed the members on th 
subject of “Carburizing.” Mr. Ehn is an authority on this subje 
having prepared several papers for the British Iron and Steel insti 
tute. His presentation brought forth much valuable discussion. Th 
students of the Tri City chapter’s night course on steel and its treatme: 
were invited to attend this meeting. C. H. Burgston, member of th: 
executive committee of the chapter gave a brief report of the progres 
which has been made in the course thus far. Dinner was serv 
at 7:00 p. m.. This meeting was very well attended. 


WASHINGTON CHAPTER 


The Washington chapter of the American Society for Ste 
Treating held a meeting on Friday, December 14 at 8:00 p. m. in th 
auditorium of the New Interior Department building. E. Gathman: 
Gathmann Engineering company, Baltimore, Md., gave an_ illustart: 
address on the subject of “Ingot Molds.” The speaker discussed th: 
various types of ingot molds which are manufactured, and touche: 
on many of the phases of good ingot making practice. A lively dis 


cussion followed which terminated late in the evening and only 
the request of the chairman. 





WORCESTER CHAPTER 


The Worcester chapter of the American Society for Steel Treating 
held their regular monthly meeting on Tuesday evening, December | 
at the Metal Trades rooms, 44 Front street. John H. Nelson, researc! 
engineer, Wyman and Gordon company, presented a paper on “R: 
sponse of Certain Steels to Heat Treatment with a discussion 0! 
Flow Lines in Forging.” Data was presented showing the result 
of heat treatment on different steels used in automobile forging. |! 
was shown that chemical analysis alone does not indicate with ce: 
tainty the response to heat treatment, but that test specimens fro 
each heat must be taken to determine the proper drawing temperatu! 
Flaws in the ingot and their effects on bars were shown. Sever 
slides showed the grain and flow lines in a properly forged crankshatt 
and in a poorly forged one. 

It was announced that the next regular meeting of the chapt: 
will be held on Thursday, January 17, 1924, at which time A. I! 
Kingsbury, Crucible Steel company, Harrison, N. J., will speak 
“Tool Room Troubles.” 
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ADDRESSES OF NEW MEMBERS OF THE AMERICAN SOCIETY FOR 
STEEL TREATING 


XPLANATION OF ABBREVIATIONS. M represents Member; A represents Associate Mem- 
- § represents Sustaining Member; J represents Junior Member, and Sb represents Subscribing 


fember. The figure following the letter shows the monthin which the membership became effective 


NEW MEMBERS 


\ieLLI, J. A. (M-12), tool maker, Worthington Pump & Machinery Co., 
Cambridge, Mass., mail 4 Henchman Street, Boston. 
\ikKEN, F. W. (M-11), secretary-treasurer, International Burr Corporation, 
Watertown, N. Y. 
\ttison, F. H., Jr. (M-11), research metallurgist, Westinghouse Electric 
& Mfg. Co. East Pittsburgh, mail 232 Meyran Avenue, Pittsburgh. 
\xperson, H. V. (M-12), assistant secretary and purchasing agent, V. D. 
Anderson Co., Cleveland. 
Bairp, JoHN (M-11), E. W. Gillett, Ltd., Toronto, Ontario, Canada. 
Bates, D. W. (M-12), assistant superintendent, Vilco Machine Co., Benton 
Harbor, Mich., mail 410 Court Street, St. Joseph, Mich. 
\KE, F. W. (A-12), salesman, Steel Supply Co., Chicago, mail 125 North 
Jefferson Street. 
sootH, H. C. (S-10), sales representative, Columbia Steel & Shafting Co., 
Hartford, Conn. 
BromM, Wma. F. (M-11), junior member of Fred Bromm Co., Chicago. 
BuckLey, C. W. (M-1), engineering department, Wilson-Maeulen Co., New 
York City, mai? 306 North High Street, Mount Vernon, N. Y. 
Burcess, F. E. (M-11), Burgess Norton Mfg. Co., Geneva, Ill. 
\MPBELL, R. D. (M-12), assistant works manager, Union Electric Steel 
Corporation, Carnegie, Pa. 
VEN, Frep (M-12), heat treater, Canada Illinois Tool Co., Ltd., Toronto, 
Ontario, Canada, mail 187 Duffries Street. 
CHASE, Morrts (M-11), A. Finkl & Sons, Chicago. 
ottins, C. R. (M-12), rate setting department, Worthington Pump & 
Machinery Co., Cambridge, Mass., matl Y.M.C.A. 
vER, GERALD M, (Jr-11), student, Case School of Applied Science, Cleve- 
land, mail 2073 Adelbert Road. 
UCHLER, L. Y. (M-11), assistant metallurgist, American Autoparts Co., 
Detroit. 


rTMAR, C. (M-12), sub-foreman, heat treating inspection department, 
North East Electric Co., Rochester, N. Y., mail 140 Argo Park. 

Ls, J. B. (A-12), salesman, Colonial Steel Co., New York City, mail 
901 Norton Street, Rochester, N. Y. 

GLER, A. (M-11), tool room foreman, R. Wallace & Sons Manufacturing 
Co., Wallingford, Conn. 

HEL, W. P. (M-12), assistant professor of chemistry, Vanderbilt Uni- 
versity, Nashville, Tenn. 

NSBERG, Ray (Jr-11), 1428 West Monroe Street, Chicago. 
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Forp, T. J. (M-12), heat treating department, Bethlehem Steel Co., Lehigh 
Mills, Bethlehem, Pa., mai! 847 East 4th Street. 

FrissigE, F, G. (M-1), chemist, Duquesne Steel Foundry Co., Coraopolis, Pa 

Gray, O. L. (M-11), assistant to chief inspector, Cutler Hammer Mfg. Co 
Milwaukee, Wis., mail 699 28th Street. 

Hanpysive, Geo. (M-11), 27 Georgetown Street, Buffalo, N. Y. 

HeGeMAN, J. S. (S-9), representative, Bethlehem Steel Co., Detroit. 

Hem, Otro (M-11), Aluminum Company of America, Cleveland. 

Ho.iienseck, E. H. (M-12), inspection department, Bethlehem Steel Co., 
Bethlehem, Pa., mail 111 East Church Street. 

Hoyer, Ernest (M-12), engineer of tests, American Locomotive Co 
Dunkirk, N. Y., mail 717 Grant Avenue. 

Hoyt, C. E. (M-12), secretary-treasurer, American Foundrymen’s Associa 
tion, 140 South Dearborn Street, Chicago. 

Ka.ipova, J. J. (M-12), shop engineer, Chicago Screw Co., Chicago, muail 
1026 South Homan Avenue. 

Kampge, H. R. (M-11), heat treater, Chicago Pneumatic Tool Co., Detroit 

KircHEN, G. (Jr-11), tester, A. O. Smith Corporaton, Milwaukee, Wis., 
mail 1083 27th Street. 

KirKHAM, Wm. J. (M-11), heat treater, Witherow Steel Co., Pittsburgh, 
mail 708 Chess Street, Coraopolis, Pa. 

Kuincer, R. (M-11), 2456 West 40th Street, Cleveland. 

Knicut, R. B. (M-12), North East Electric Co., Rochester, N. Y. 

Kotosy, A. (M-12), Bethlehem Steel Co., Bethlehem, Pa., mail 911 Cayuga 
Street, Pembroke, Bethlehem, Pa. 

Kuszcer, Wan. D. (M-12), master mechanic, Minneapolis Electric Stee! 
Castings Co., Minneapolis, Minn., mail 2904 Buchanan Street, N. E 

Larecy, T. A. (A-11), salesman, Firth-Sterling Steel Co., Cleveland. 

LarosH, R. (M-12), foreman heat treating department, International Motor 
Co., Allentown, Pa., mail 1324 Main Street, Northampton, Pa. 

LazaAER, J. W. (A-1), district sales manager, Chicago Flexible Shaft Com- 
pany, New York City. 

Leary, C. F. (M-11), 85 Pleasant Street, Dorchester, Mass. 

LernrotH, J. P. (A-11), sales department, Public Service Gas Co. 
Newark, N. J. 

Lone, H. J. (M-12), exp. department, Brown-Lipe-Chapin Co., Syracuse, 
N. Y., mail 116 Lynwood Ave., Eastwood Station. 

Lukey, J. B. (M-11), D. O. James Mfg. Co., 1120 West Monroe Street, 
Chicago. 













MacDonaLp, A. F., Jr. (M-12), general foreman heat treating department, 
Bethlehem Steel Co., Bethlehem, Pa., mail 433 Montclair Avenue. 
Maves, H. A. (M-12), instructor in forge shop of Arsenal Technical 

Schools, Indianapolis, Indiana, mail 2612 East Michigan Avenue. 


MusseLMAN, R. W. (M-12), assistant general foreman heat treating depart- 


ment, Bethlehem Steel Co., Bethlehem, Pa., mail 749 North Sixth Street 
Allentown, Pa, 
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\Mynott, E. P. (M-12), assistant superintendent of inspection, North East 
Electric Co., Rochester, N. Y. 

Orsperc, A. (M-11), chemist, G. E. Wills Pharmacy, Rockford, Ill, mail 
1827 6th Street. 

OsterLoH, R. M. (M-11), manager, Milwaukee Tool and Forge Co., S. 
Milwaukee, Wis. 

Puittrps, C. A. (M-11), treating department, Cotta Gear Co., Rockford, 
Ill., mail 1224 North Court Street. 

RicHArD, J. A. (M-11), foreman heat treating department, Chicago -Pneu- 
matic Tool Co., Detroit. 

Roserts, H. J. (A-12), salesman, Chas. Engelhard, Inc., Detroit. 

RosteK, C. A. (M-12), treating department, Pittsburgh Knife & Forge Co., 
Pittsburgh, mail 367 Woodruff Street. 

ScHLAcuTerR, H. (M-11), 4128 North Maplewood Avenue, Chicago. 

ScorreELp, W. C. (M-12), foreman blacksmith, Illinois Central R. R. Co. 
Chicago. 

Suietps, C. W. (M-12), metallurgical department, Bethlehem Steel Co., 
Bethlehem, Pa., mail 447 Vine Street. 

Sizrc, W. W. (M-12), heat treating department, Ingersoll Rand Co., 
Phillipsburg, N. J., mail 54 North Third Street, Easton, Pa. 

SMALL, H. (M-11), 3234 North 17th Street, Philadelphia. 

STePpHENS, H. D. (M-12), raw material inspection and analysis department, 
New Departure Mfg. Co., Bristol, Conn., mail 113 School Street. 
Sruart, A. H. (M-12), chemical engineer, Ford Motor Co., Detroit, mail 

611 Ellis Street, Ypsilanti, Mich. 

TALLMAN, J. R. (M-12), laboratory assistant, Ingersoll Rand Co. Phillips- 
burg, N. J., matl 35 Bullman Street. 

TayLor, S. S. (M-12), metallurgical department, Dodge Bros., Detroit, mail 
4687 Vancouver Avenue. 

Tepesco, R. P. (M-12), chemist, Standard Tool Co., Cleveland, mail 8609 
Kenmore Avenue. 

TENNANT, J. (M-11), heat treater foreman, Minnesota Steel Co., Duluth, 
Minn., masl 6 B Fourth Street, Morgan Park. 

Toonry, H. W. (M-11), foreman machine shop, American Schaeffer & 
Budenberg Corporation, Boston, mail 4 Hubbard Street, Jamaica 
Plains, Mass. 

VAN Bercen, S. (M-12), Tuthill Spring Co., Chicago, mail Y. M. C. A. 

Von Scuiutter, C. H. (A-9), salesman, Firth-Sterling Steel Co., New 
York City, mail 102 Sherman Place, Jersey City, N. J. 

VoorHEES, S. B. (M-11), metallurgist and chief chemist, International 
Harvester Co., Auburn, N. Y. 

Wess, W. W. (M-11), Dover Stamping & Mfg. Co., Cambridge, Mass. 

mail 385 Putnam Street. 
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Items of Interest 


VERY remarkable work in industrial co-operation is being carried 0 
the Engineering Extension Service of Purdue University, by Prof. 
F. Keller, a prominent member of the A. S. S. T., and engineering ext: 
specialist in iron and steel connected with the university. He has estab! 
courses throughout the various towns in Indiana. The course usually 
for one semester, or about six months, with classes meeting once a we: 
During the present term, Professor Keller has industrial classes in 
Wayne on Monday, ‘Wabash on Tuesday, Marion on Wednesday, And 
on Thursday, and Indianapolis on Friday. 
Beginning with the new’ year, a new group of cities will be orga: 
consisting of Kokomo, Muncie, Richmond, New Castle and Connersvil| 
This engineering extension service being inaugurated by Professor k 
is a pioneer piece of work, and one that is attracting wide attention b 


educational institutions having engineering courses. Professor Keller's present 


enviable reputation is being constantly increased and augmented )) 
wonderful success he is having in his present work. 


Announcement is made that the Calorizing Company, Pittsburgh, ha; 


quired exclusive sales rights for Hybnickel, the heat-enduring alloy perfecte: 














by Mr. Victor Hybinette. The arrangements which make this announcement 


possible provide a single source for all that has been developed by th« 


( 


orizing Company and Mr. Hybinette working independently. In addit 


the production facilities of both organizations will be preserved. 


As a direct result of this union of interests, it becomes possible 


mediately to quote lower prices on heat-enduring castings, to offer serv: 
through the Calorizing Company's representatives throughout the count: 


and to insure a prompt supply of large or intricate castings. 

Hybnickel will now be known as Calite. The original analysis | 
will continue to be supplied to those who have become accustomed 
and for whose requirements it is best adapted. 


Mr. Hybinette will be associated in a consulting capacity with the Cal 


izing Company. 


The company offers data outlining many uses for Calite castings 
showing the usefulness of the alloy under the continuous influence of 
peratures up to 2100 degrees Fahr. 


A portable electric recording instrument has been 
Westinghouse Electric & Mfg. Co., It is known 


developed by) 
as type R and includ: 
electric self-winding clock for giving records at speeds 
hour. For slower speeds, up to 4 in. per 
can be used. 


up to 24 in 
hour, a hand wound 


lite 


i 
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COMBI STION 


HARDENER. 
1 reliable firm. 
Any tocdliee 
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EMPLOYMENT SERVICE BUREAU 


The employment service bureau is for all members of the Society. 
position, your want ad will be printed at a charge 


es of the Transactions. 
This service is also for employers, whether you are members of the Society or 


t. If you will notify this department of the position you have open, 
be published at 50c per insertion in two issues of the Transactions 


ompany copy. 


In addressing answers to advertisements on these pages, 
‘taining your letter should be sent to AMERICAN SOCIETY 
| RE ATING, 4600 Prospect Ave., Cleveland, O. 


cle stination. 


y. If you wish 
of 50c each insertion in two 


your ad 
¥ ee must 


Important Notice 


a stamped envelope 
FOR STEEL 


It will be forwarded to the proper 


It is necessary that letters should contain stamps for forwarding. 








POSITIONS WANTED 
LLURGIST—E 


ce as chemist, 
{1 steel foundry. Also heat 


r ca_tings and 


rolled material 
Connection de 
nd opportunity to 


es furnished if 


tion witt 


IK NGINEER, Metallurgical engineer, 


assistant 
nan wit! 


Married. 


XECUTIVE. 


Twenty years 


metallographist and executive 


forgings, 


(billets, 


treating and 


electric converter and 
skelp and tin- 


sired where experience will be 


desired. 


Experienced 


demonstrate 


Address 11-5. 


ability. 


tool hardener 
Can give best of 
will be considered. 


Address 


super- 


superintendent or any position re- 
a technical training. 
Age 35 years. 


Technical 


Connected with 


rm for a number of years in the capacity of 


] 


ces. Has 


study and 


ss 11-20 


ENGINEER Specialty 
after his graduation 
development 


il engineer in conjunction with mill opera- 


es Addre 


heat treat 
13 years 


of industrial 


Constructed 200 experimental furnaces of 
gn for gas, oil, powdered coal and anthracite 


ecialty. 


Owns patents, 


years connected with leading concerns in 
publications, has 


neces. Wishes full or part time employment 


e big concern. 


Undertakes 


investigation, 


nd consultation work in fuel economy or 


ficiency line. 


th Street, 


Write O. 


Lellep, 
New York City. 


111 West 


HARDENER has had 12 years experience with 


speed and alloy steels, covering all phases 
ting. Wishes position with firm where in- 


1 show abil 


ity. American. 


ve first class references. 


will ZO 


anywhere. 





RGICAL 


WORK—Young 


Married. Age 


Eastern location 


Address 


12-10. 


man with 


g desires position with firm that will give 


specialize in 


metallurgical work and 


it valuable experience in this line. Has 


years experience in chemical and metal- 
and laboratory work with government 
Plant experience in power plant and 


rch 
cn 


j 
lepartments and general experience in 


rk. At 


Address 1-10. 


K— 





Address 





\TER wishes position. 
experience with two large 


1-5. 





present employed as 
cer in Pittsburgh district. 
s of training, experience 


metal- 
Will furnish 


and reasons for 


Has had five and 


automobile 


POSITIONS WANTED 
METALLURGIST AND CHEMIST, 12 years prac- 


tical experience in ,heat treating all grades of steel: 
chemical and physical testing and pyrometry. Capab le 
executive open for connection in technical or executive 


capacity. Member S. A. FE. and A. S.jS. T. Address 
1-20. 


POSITIONS OPEN 
SALESMAN WANTED to handle a line of industrial 


furnaces, hardening room equipment, metallurgical, 
chemical and high temperature engineering equipme nt 
and service, by a well established and reputable en- 
gineering company. Chicago territory. Address 


SERVICE, 708 West Madison Street, Chicago. 


SALESMAN-—Single young man with one to two years’ 
selling experience, to call on industrial trade. Funda- 
mental electrical knowledge, and some mechanical and 
metallurgical knowledge needed. Engineering school- 
ing preferred but not essential. A live energetic young 
man, willing to travel and willing t to put in some extra 
effort at improving and preparing himself for advance- 
ment. Long established mechanical and electrical 
equipment of specialty nature and leading quality. 
Moderate salary and expenses to start and short train- 
ing period. Some service on equipment required and 
rendered by salesman. State selling experience fully, 
age, schooling, general experience and references of 
selling ability and general character and salary. Ad- 
dress 11-30. 


ASSISTANT SUPERINTENDENT OF 
LABORATORY in large university in middle west. 
Salary $2200.00. Candidate should be technical grad- 
uate with practical experience in the heat treatment 
of steel. Excellent opportunity for young man who 
wishes to enter the teaching profession and assist 
in the development of a course of instruction in heat 


treatment and in the conduct of research -work \d- 
dress 11-25. 


FORGE 


RESEARCH METALLURGIST AND METALLOG- 
RAPHIST wanted by a large corporation. Sound 
fundamental training esseniial, few years additional 
practical experience in research or operations desirable 
but not necessary. Salary according to qualifications. 


Address 8-10. 


FOR SALE 


For sale in Chicago—One Stewart Gas Furnace, 
12 x 48. One Barkling Furnace, 30 x 15 x 60. 
class condition. Address 1- 


20 x 
In first- 
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The McGraw-Hill Book Co., Inc., New York City, has recently publis! 
The Metallurgy of Iron and Steel, by Bradley Stoughton, head of the dep 


d 


ment of metallurgy, Lehigh university. It is bound in cloth and cont: 
519 pages 6 x 9 inches. This is the third edition that has been published 
on this subject, and is a thorough revision of the first and second editio 
The extensive changes and developments in iron and steel metallurgy ¢! 
have occurred in the past eight years are outlined, thus showing the com 
mercial and industrial progress that has recently been made. The _fol- 
lowing subjects are covered: Iron and Carbon; Manufacture and Purif 
tion of Pig Iron; Manufacture of Wrought Iron and Crucible Steel: the 
Bessemer Process and the Open-Hearth or Siemens-Martin Process: 
Electro-Metallurgy of Iron and Steel; the Ingot-Making Stage of Manu- 
facture; the Mechanical Treatment of Steel; Iron and Steel Founding; the 
Solution Theory of Iron and Steel; the Constitution of Steel and Cast Iron: 
Malleable Cast Iron; Heat Treatment of Steel; Alloy Steels; Corrosion of 
Iron and Steel; and the Metallography of Iron and Steel. 

This book is profusely illustrated with charts, diagrams and photographs, 


The Chemical Resistance of Engineering Materials by Marston L. Hamlin 
and Francis M. Turner Jr., has recently been published by the Chemical 
Catalog Co., Inc., New York City. It contains 267 pages and is cloth-bound. 

During the war when engineers who had had no previous chemical ex- 
perience were called upon to build chemical plants, they were greatly 
handicapped inasmuch as they did not have the information available that 
was so necessary, and it was the situation of the chemical industry during 
this period that has occasioned the writing of this book. Its object is first, 
to give the results of experiment and general knowledge fully and as 
accurately as possible; second, to serve as a bibliography of the subject by) 
referring to all the sources used; and third, to arouse further research and 
publication along this line by showing those parts of the field which are not 
completely covered, and by suggesting ways of making results mor 
practically useful. 

The following subjects are covered in the nine chapters: Sulfuric Acid 
and Other Acids and Metals; Bases and Alkaline Salts; Neutral Substances; 
Selection of Material for Specific Equipment; and Concrete in Chemical 
Equipment Construction. 


Standardization of industrial production has been one of the important 
factors in enabling Germany to maintain its industrial machine intact, in 
the face of the multitude of obstacles now confronting that country, states 
a bulletin of the American Engineering Standards committee recently issued 
“The extent to which Germany has so far succeeded in keeping her 
industrial machine intact, is due in no small part to the elaborate scale on 
which her standardization work is performed,” it is stated in the bulletin, 
which was prepared by Dr. P. G. Agnew, secretary of the American Engi- 
neering Standards committee, who recently returned from Europe, where for 
two months he made a study of the standardization movement and the man- 
ner in which European developments in this direction are likely to affect 
American industry. 
“The elaborateness of the organization for the work, its activity, and 
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This machine applies a pressure of 3,000 
Kilos to a 10 mm. ball and gives results in 
Brinell numerals, the international stand- 













ard for indicating hardness of metals. 

The Pressure is applied quickly and even- 
ly, and a patented feature prevents the leak- 
age of the hydraulic fluid. 


Pig ne 


Pieces from i’ inch to 12 inches may be 
accommodated. The anvil is adjustable to 
irregular shaped pieces. 


The Standard Machine Adopted by 


American Can Co. Maxwell Motor Co. 






American Machine & Mfg. Co. 
KE. C. Atkins & Co. 

Canadian Fairbanks Morse Co. 
Carbon Steel Co. 

Carnegie Steel Co. 

Chicago Pneumatic Tool Co. 
Columbia Steel & Shafting Co. 
Curtis Aeroplane & Motor Co. 















Dayton Engineering Laboratories 


Eagle Pitcher Lead Co. 
Firth-Sterling Steel Co. 
Henry Ford & Son, Inc. 
General Electric Co. 
Hughes Tool Co. 

Latrobe Electric Steel Co. 
Lincoln Motor Co 










Dominion Steel & Foundry Co., Ltd. 
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McMyler Interstate Co. 

Nash Motors Co 

Oliver Chilled Plow Works 
Parish & Pool Co. 

Piston Ring Co. 

Pittsburgh Model Engine Co. 
Pittsburgh Testing Laboratory 
Pollack Steel Co. 

Railway Steel Spring Co. 
Standard Foundry Co. 
Standard Steel Car Co. 
Standard Steel Spring Co. 
Studebaker Corp. 
Underwriters’ Laboratories 
Union Switch & Signal Co. 
Vanadium Alloys Steel Co. 
Westinghouse Electric & Mfg. Co 


And Many Others. 


SCIENTIENC MATERIALS COMPANY 


4 Everything for the Laboratory” 
PITTSBURGH. PA 
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the scale on which it is being carried out constitute a new developmen 
industrial organization. 


“Practically every important manufacturing concern in Germany is 
cially participating in the industrial standardization program of that cow 
More than a thousand German companies have formal standardization or; 
izations within their own works. These organizations are called ‘stand 
bureaus.’ The larger firms have branch bureaus in the separate departm: 
or in the separate factories. One of the well known companies has 21 s 
branch bureaus, employing in all a special staff of more than 100. Ano 
firm has a permanent full-time staff of over 200 in its various branch bur: 
In all of the great firms the bureau reports directly to the general manag 


S 


The extent to which industrial life in Germany has been co-ordinated 
is stated, is shown by the fact that more than 700 German national stand: 
have been adopted. This includes only those in which several different jin 
dustries are concerned, and which are approved by the central national bod 
These include fundamental engineering standards as: standard diameters 
tapers, sizes of keys, threads, fits, etc.; materials; tools; measuring instruments 
and gages; machine parts, including handles, ball and journal bearings, ct 
gears; and sizes of paper. 

In addition to this work of the central body, and closely correlated wit 
it are no less than 65 special industry committees actively working on sux 
subjects as: the standardization of pipe fittings, piping, and accessories; weld 
ing; steel construction; concrete and reinforced concrete; fire fighting equip 
ment; windows, doors and stairways; foundry practice; the printing trades; 
merchant marine; locomotives; motor trucks; laboratory apparatus; pho 
tographic supplies; nonferrous metals; precision tools; sand, gravel and 
street paving material; typewriters; highway bridges; rolling mills; and rail 
way car construction. 

A striking example is cited of the efficiency of national standardization as 
it has been developed in Germany, in the case of a rush order placed with 
German manufacturers for 200 locomotives for delivery to Russia. Pro 
duction of different parts was allotted to 17 different manufacturers to )} 
produced strictly upon the plan of interchangeable parts, no one manufacture: 
making a complete locomotive. No serious practical difficulty was encountered 
in filling the order. The inspectors made a particularly striking test of the 
feasibility and accuracy of the plan by ordering a complete locomotive to b« 
assembled from parts chosen at random from the parts furnished by th 
17 manufacturers. It proved to be ready for service immediately afte: 
assembly without the necessity of any disassembling for readjustment. 

Standardization engineering is now a recognized profession in German 
The rapid development of standardization organizations within the companies 
has made a large demand for such work. Advertisements for standardization 
engineers and for such positions regularly appear in the engineering press 


An interesting development of the last few years is the appearance 0! 
consulting engineering firms specializing in standardization work. There ar 
now five such firms in Germany. This work is closely connected with indus 
trial or efficiency engineering, in which there is now great and growing 
interest in Germany. In general, it appears to be much more closely con 
nected with the movement for industrial standardization than is the case | 
this country. The largest of these firms devotes about half of its time to 


standardization work, employing a staff of over forty. They have as 
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Pouring Electric Furnace Steel From One of 6-Ton Ladles 


A Valuable Service to Steel Buyers 


It is our policy and practice to co-operate with our customers and 
prospects to such an extent that we can supply that particular grade or 
analysis of tool steel or alloy steel best suited to that particular pur- 
pose for which the steel is to be used. We are prepared to furnish not 
only the ordinary classes of high-grade steels made to our customers 
specifications, but also to co-operate with them in the manufacture of 
new and special alloy steels. 


We would like to make a thorough study of your requirements, so that 
with special care that is exercised in the selection of raw materials and 
the constant attention that is given to workmanship, we can feel that 
we are supplying our customers with steel which will give the greatest 
service and efficiency 1 in the products they produce. Our Metallurgi- 
cal Department is at your service. You can call on our men to go to 
your factory or your men are welcome to come to the SIMONDS 
STEEL MILLS with samples of your products to discuss this matter. 
Our chemical, physical and metallurgical laboratories are most modern 
and complete. 


Our research men are not only thoroughly trained in the theoretical 
science of high-grade steel making, but also experienced in the practice 
of the same. 


Simonds Saw and Steel Co. 


Steel Mills — Lockport, N. Y. 
Edgar T. Ward Sons Co., Distributors 


BARS — SHEETS— BILLETS 
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clients trade associations as well as individual firms, the latter including 

large and small companies. 
One of their clients is the trade association representing the motor y: 

industry In this work they perform many of the services that woul 

done by an ordinary headquarters standardization staff. 

Of the companies which are their clients, some maintain 






their 
standards bureaus, which take care of the greater part of the detailed 
leaving to the consulting firm only the more important and difficult 


tions. In other cases, the consulting firm does a large amount of the detailed 
work. 







Another most interesting development is the work of consulting engincers 
on trade catalogs for companies. This is particularly significant, 
carrying standardization a step farther than is usual, by 





as if 
introducing it int 
the sales organization and sales policy. In this, careful consideration 
given to the question of limiting the number of types, ranges and sizes offered 
for sale, placing proper emphasis in the catalog on 
on which the company wishes to concentrate, and, in 






1s 


these particular items 











general, in featuring 
and often advertising the relation of the firm’s products to the standardization 
movement. 


Charles M. Campbell formerly with the Pioneer Alloys Products Company 
has accepted a position as superintendent of the Monroe Steel Castings Com- 
pany, Monroe, Mich. Mr. Campbell took up his new duties Nov. 1. 








F. J. Ryan & Company have opened a branch office at 540 Flatbush 
avenue, Hartford, Conn. This office will be under the 
L. Willson, who has had a number of years of 





direction of Edwin 





experience in metallurgical 


| 





work, specializing on heating and melting problems, 


and who has 
identified with the New England industry for some time. 


yee] 
















Alvan T. Simonds, president of the Simonds Saw and Steel Company 
of Fitchburg, Mass., is offering $1500 in awards to pupils of high schools, 
trade schools and normal schools in the United States 





and Canada, who 
Income.” Full informatio: 
writing directly to Mr. Simonds. 





will write essays on “Sharing Our National 
may be obtained by 
















Firth-Sterling Steel Company, McKeesport, Pa., have recently published 


a sixty-page book entitled, “Firth-Sterling S-Less Stainless Steel.” This 







gives the history of stainless steel as well as its applications and _ possibilities 











Nelson Littell, formerly second assistant examiner in the metallurgical 
division of the United States Patent Office has opened an office for th 
practice of patent and trade-mark law in the Bowery Savings Bank building 
110 East 42nd street, New York City. For the 

has had charge of the examination of 







past four years, Mr. Littell 
applications for patents relating to 
inetal founding, including gray iron, steel, malleable 






castings, etc., and 
expects to specialize in metallurgical and chemical patents. Mr. Littell is 
a member of the A. S. S. T. 
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Calori 


exclusive 
rights to 


Thousands of tons of metal annually 
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are reduced to scrap by necessary ex- 


posure to high 


Over, many 


temperature. 


chemical processes 


More- 


ha ve 


been barred from commercial develop- 
ment by lack of adequate heat-endur- 
Ing castings. 


This problem has been solved in re- 


cent years by 
Calorizing 


the 


Company, 


Victor Hybinette and 
working 


independently through Hybnickel and 
Calite. 


Now 


a combination of 


these 


two 


independent factors has been achiev- 


Ca, 


So industry has available at a 


single source the highest development 
heat-enduring alloys at a price that 


in 
rh 







makes their use possible even on a 
tonnage basis. 

Hybnickel, hereafter to be known 
as Calite, will now be available for 
use with the combined co-operation of 
our own engineering staff, supple- 
mented by Mr. Hybinette. We are 
happy to announce that he will be 
associated with us as a consultant. 

Added advantage will be found also 
in service through our representatives 
throughout the country and increased 
production facilities especially adapt- 
ed to the making of large or intricate 
castings. 

Write for full information and new 
low prices. 


THE CALORIZING CO. 
311 Oliver Building, Pittsburgh, Pa. 
Eastern Office: 50 Church St., New York 


District Offices: 


224 S. Michigan Ave., Chicago 
General Motors Building, Detroit 
















Former analysis Calite 
Castings will still be made 


for the trade accustomed 
to them and for whose 
requirements the original 


alloy is particularly adapt- 
ed There is no one heat- 
enduring alloy that meets 


every need. We _ recom- 
mend and offer for each 
use the alloy best suited 


to the purpose 


Commerce Building, Kansas City 
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West Building, Houston 
Leader News Building, Cleveland 


analysis Calite 
opens a wider field for 
heat-enduring castings. 
It is making a commer- 
cial success of processes 
hitherto confined to the 
laboratory by the high 
cost or inadequacy of heat 


The new 


resisting alloys. Its low 
cost makes tonnage pro- 
duction practicable. In- 


creased facilities make large 
castings available. 
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J. E. Stead, died at Redcar, Yorkshire, England, on Oct. 31. Mr 
was a brother of the noted journalist, W. T. Stead, and was the acknow! 
British authority on the manufacture and metallurgy of steel, and f; 
as a metallurgical chemist. He was the recipient of numerous scientit 
vrees and for a time president of the Iron and Steel institute. Mr 
was born in 1851. 


Arthur D. Little, president of Arthur D. Little, Inc., Cambridge, \ 
was elected life member of the corporation of the Massachusetts Institu 
rechnology at the fall meeting of the corporation, held on Oct. 24. 


Louis R. Kruger has resigned as general superintendent and mech: 
ngineer of the Cruver ters Co., Chicago, Ill, and has accepted a_ posit; 
as mechanical engineer and adviser to Chas. Stein of California. Hj 
address is 805 Bush street, San Francisco, Calif. 


Frank Garratt, for the past eight years connected with the industri 
interests of Latrobe, Pa., has resigned as general superintendent oi 
Latrobe, Electric Steel Co. Mr. Garratt was for several vears general 
ager of the Hudson Reduction Co., manufacturer of metallic and 
tungsten, and is experienced in the manufacture of high-speed stee! 
terrotungsten. Prior to his connection at Latrobe, he was metallur 
chemist for the Firth-Sterling Steel Co., McKeesport, Pa., and was 
known in the Pittsburgh district as a tool steel chemist. 


Samuel T. Harleman has resigned as assistant to vice president 
general sales manager of the Atlas Steel corporation, Dunkirk, N. Y., and 
will be connected with Henry Disston & Sons, Inc., Tacony, Philadelphia, 
as assistant manager of the steel sales department. Mr. Harleman gradu: 
ated from Lehigh university in 1901 in mechanical engineering and after five 
vears in the motive power department of the Lehigh Valley railroad, ent 
the steel business with the Bethlehem Steel Co. at the Bethlehem 
leaving in 1918 to go with the Atlas company. 


Clinton G. Armstrong, formerly consulting metallurgist for Clvcag 
Flexible Shaft Co., and research metallurgist for Western Electric Co., has joined 


the Calorizing Co., Pittsburgh, and will serve as sales engineer in_ its 
Chicago office. 


AMERICAN GAS FURNACE CO. For better, faster and more uniform carbur- 


Carburizing Machines izing at lower costs. 
WILSON-MAEULEN CO. For more accurate temperature measure 
Pyrometers ments. 
Rockwell Hardness Testers —For controlling raw mater‘al temper and 
finished product hardness. 


CUTLER STEEL CO. For longer life of cyanide and hardening pots 
Duraloy and boxes. 


RODMAN CHEMICAL CO. —For more uniform and reliable case harden 
Carbo and Bull Dog ing. 


Quenching Oil —For faster quenching without distortion o: 
crackage. 


New England Heat-Treating Service Co., Inc. 
Hartford, Conn. 


Send for our free data sheets. 
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General Alloys Co. 


Edited by 
H. H. HARRIS 
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you’ve read The 
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SUPPLEMENT 


IWS ¢ 4 \ys 


“Te You: Our F-: rary We Owe Our 
Success of the Past Year 


You sit in judgment. Our future is in your hands. 


By our product—by the service we render—by our 
sincerity and integrity you will judge us. 
Q-Alloys are entering their sixth year, their sales in 


October, November, and December were the largest since 
their inception. 


The buyers of Q-Alloys have bought maximum quality 
to obtain maximum economy. They have made large 
expenditures, hundreds of thousands, _to obtain Q-Alloy 
Quality. 

They could have spent thousands less, for lesser quality, 
and obtained trifling economy, or suffered loss. 

They could have spent more for established high price 
Alloys and obtained inferior quality and inferior service. 


Hundreds did. 

If you are in accord with the practice of buying quality 
to obtain economy—then is it not sound logic to buy the 
highest quality to obtain the maximum economy? 

Those who agree with this contention—those who have 
bought Q-Alloys have built this business. 

We respectfully solicit their continued patronage on 
the basis of their experience with Q-Alloys, and their 
satisfactory business relations with this Company. 


CRReie rr 


‘\ 
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Our Policy 


Is it RIGHT, or WRONG? 


Read this and think it over, you may have faced the same problem. 


It cost money to maintain the Q-Alloy Policy in 1919. It cost money to 
» 6maintain it in 1920, 1921, and 1922. It cost more money to maintain it in 
© |923. The question, vital to us, is ‘Will the policy of ‘QUALITY FIRST’ 
© make money for us in the end?” Is Quality First a successful policy for any 
® concern? 


We have lost considerable “Profit,” by not manufacturing a Cheaper Alloy 
in response to a ‘Popular’ demand. We are well fitted, by experience, facili- 
ties. finances, low overhead, etc., to manufacture Cheaper Alloys. We can 
successfully compete in price and quality with any and all of the ““Cheaper’’ 
alloys on the market by manufacturing such alloys ourselves. We've got the 
“Vim and Vigor’ to sell them too. 


Possibly you've wondered why we don’t. We've given the matter consider- 
able thought, and we've decided, for the present at least, not to manufacture 
a ‘‘Cheaper,”’ low priced alloy. 


First let us define a Cheaper Alloy. By “Cheaper Alloy’’ we mean a Heat 
Resisting Alloy selling at a substantially lower price than Q-Alloys. To sell 
at a substantially lower price, such an alloy would have to be made at a lower 
cost. That's logical, isn’t it> To make an alloy at a substantially lower cost 
we could readily do any of the following: 


|. Decrease our Nickel and Chromium content. 


7 


. Buy Cheaper Nickel and Chromium. 

3. Employ ‘‘Green Sand’’ Moulds instead of Baked Moulds. 

4. Employ ordinary iron Moulders. 

). Eliminate sand-blasting and surface area checking of every casting. 

6. Ship overweight castings. | 
/. Use cheaper means of Melting. 
8. UTILIZE SCRAP. 

9. Eliminate close technical supervision. 
\0. Adopt a “Replacement” policy instead of ‘Cash Rebate.” 


_ By utilizing scrap alone we could reduce cost 10c lb., or more. By Moulding 
in Green Sand we could make a very substantial reduction. 





3 Any of the above described ‘‘economies” would have a direct effect on the 
ee Quality ot the product. 
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TRIEPOINT. 
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« 
SPLURGE - 


A Thought for 1924 


The other day I met a man who said, 
‘In 1924 I'm going to forge ahead, 
Ill plan for more than I can do,—-and do it, 


I'll bite off more than I can chew,—- and Chew 


it. 


No one will bring the world around to you, 
| One's destiny is much what one will make it, 
‘ Opportunity is fickle; woos no man, 


“ * The winner’s he who steps right out to take it. 


I've picked my goal, and set a mark to work to, 


It’s certain that my work will not seek me, 


In 1924 My Goal is set for, 


JUST TWICE THE WORK I DID IN 23. 


Krit Iklepoint. 
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Service and Deliveries a Feature Worth Considering 
We Are Taking Care of Our Customers’ Requirements Promptly 


All large customers have duplicate or triplicate patterns and special flask and arb equip. 
ment which insures production of uniform castings and prompt service. This equipment jc 
supplied by The General Alloys Company at no cost to its customers. The following pictures 
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Pouring (note teakettle ladle) 





ADVERTISING SECTION 
BOX BULLETIN SUPPLEMENT 


show some castings and partial equipment made for Buick Motor and Dodge Brothers. Six- 


teen Reo Patterns, Twelve Cadillac Patterns, and Special Equipment for some of the Ford jobs 
will be shown in later issues of the Box Bulletin. 


There was once a time that one concern had a monopoly on the Alloy Casting field. As Al 
Posen says, ’ 1! hem Days is Gone Forever.” On recent tonnage orders in Detroit district, which 


Rough Grinding 





Finish Grinding 





TRANSACTIONS OF 
AMERICAN SOCIETY FOR STEEL TREATING 


BOX BULLETIN SUPPLEMENT 


were split between this company and competitors, The Q-Alloys were delivered fir... |QQ07 
acceptable castings, and lighter in weight than competitive castings made from the sa: priaie 
More recent orders have not been “‘split."" We got ’em. There has been no order | cul fo 
Heat Resisting Castings in this country during the past year too big for this Compa: ; 


: ; : ; ; ; to turn 
out in 30 days without interfering with our regular production schedule. 


Q-Alloys are produced in electric furnaces in modern foundry equipment exclusively {o; thes 
manufacture, and in which only Q-Alloy castings are produced. 
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Partial shipment of Dodge Bros. Orders, totalling 450 boxes. 








